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THE Z BOSON

Revised April 2006 by C. Caso (University of Genova) and
A. Gurtu (Tata Institute).

Precision measurements at the Z-boson resonance using
electron—positron colliding beams began in 1989 at the SLC and
at LEP. During 1989-95, the four LEP experiments (ALEPH,
DELPHI, L3, OPAL) made high-statistics studies of the pro-
duction and decay properties of the Z. Although the SLD
experiment at the SLC collected much lower statistics, it was
able to match the precision of LEP experiments in determining
the effective electroweak mixing angle sin®fy and the rates of
Z decay to b- and c-quarks, owing to availability of polarized
electron beams, small beam size and stable beam spot.

The Z-boson properties reported in this section may broadly

be categorized as:

e The standard ‘lineshape’ parameters of the Z con-
sisting of its mass, M, its total width, I'z, and its
partial decay widths, I'(hadrons), and I'(¢/) where
C=e, pu,T,U;

e / asymmetries in leptonic decays and extraction of
Z couplings to charged and neutral leptons;

e The b- and c-quark-related partial widths and charge
asymmetries which require special techniques;

e Determination of Z decay modes and the search for
modes that violate known conservation laws;

e Average particle multiplicities in hadronic Z decay;

e / anomalous couplings.
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Details on Z-parameter and asymmetries determination and
the study of Z — bb, c¢ at LEP and SLC are given in this note.
The standard ‘lineshape’ parameters of the Z are deter-
mined from an analysis of the production cross sections of

te~ collisions. The Z — vv(y) state is

these final states in e
identified directly by detecting single photon production and
indirectly by subtracting the visible partial widths from the
total width. Inclusion in this analysis of the forward-backward
asymmetry of charged leptons, A;E)l’; ), of the 7 polarization,
P(7), and its forward-backward asymmetry, P(7)/?, enables
the separate determination of the effective vector (gy-) and ax-
ial vector (g4) couplings of the Z to these leptons and the ratio
(g /G4) which is related to the effective electroweak mixing
angle sin?fyy (see the “Electroweak Model and Constraints on
New Physics” Review).

Determination of the b- and c-quark-related partial widths
and charge asymmetries involves tagging the b and ¢ quarks
for which various methods are employed: requiring the pres-
ence of a high momentum prompt lepton in the event with
high transverse momentum with respect to the accompanying
jet; impact parameter and lifetime tagging using precision ver-
tex measurement with high-resolution detectors; application of
neural-network techniques to classify events as b or non-b on
a statistical basis using event—shape variables; and using the

presence of a charmed meson (D/D*) or a kaon as a tag.

Z -parameter determination

LEP was run at energy points on and around the Z
mass (88-94 GeV) constituting an energy ‘scan.” The shape
of the cross-section variation around the Z peak can be de-

scribed by a Breit-Wigner ansatz with an energy-dependent
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total width [1-3]. The three main properties of this dis-
tribution, viz., the position of the peak, the width of the
distribution, and the height of the peak, determine respec-
tively the values of My, T'z, and T'(eTe™) x I'(ff), where
['(eTe™) and I'(ff) are the electron and fermion partial widths
of the Z. The quantitative determination of these parameters
is done by writing analytic expressions for these cross sections
in terms of the parameters and fitting the calculated cross sec-
tions to the measured ones by varying these parameters, taking
properly into account all the errors. Single-photon exchange
g) and ~-Z interference (022) are included, and the large
(~25 %) initial-state radiation (ISR) effects are taken into ac-
count by convoluting the analytic expressions over a ‘Radiator
Function’ [1-5] H(s,s’). Thus for the process eTe™ — f f:

(o

op(s) = / H(s, ) 0%(s') ds’ (1)

J?e(s) =0 + 02 + ng (2)
o 12m T(eTe )T(ff) s %
0z :M2 2 ( M2)2 212 /)N f2 (3)
Z Z s—Mz)* + s°I';/Mj
4T’ (s)
0 _ 2Nt
O-fy - 3s QfNC (4)
2\/§oz(s)
00y =— — 3 (Q;GrN{GiG!)
(s — M7)Mj

X 5
(s — M2)? + s°T% /M2 (5)

where @) is the charge of the fermion, ch = 3 for quarks and
1 for leptons and Q{; is the vector coupling of the Z to the

fermion-antifermion pair ff.
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Since 022 is expected to be much less than 0'%, the LEP

Collaborations have generally calculated the interference term
in the framework of the Standard Model. This fixing of 0'2Z
leads to a tighter constraint on Mz and consequently a smaller
error on its fitted value. It is possible to relax this constraint
and carry out the fit within the S-matrix framework which is
briefly described in the next section.

In the above framework, the QED radiative corrections have
been explicitly taken into account by convoluting over the ISR
and allowing the electromagnetic coupling constant to run [6]:
a(s) = a/(1 — Aa). On the other hand, weak radiative cor-
rections that depend upon the assumptions of the electroweak
theory and on the values of Mo, and Myiges are accounted
for by absorbing them into the couplings, which are then
called the effective couplings Gy and G4 (or alternatively the
effective parameters of the x scheme of Kennedy and Lynn [7].

Q‘J; and Qﬁ are complex numbers with small imaginary parts.
As experimental data does not allow simultaneous extraction
of both real and imaginary parts of the effective couplings, the
convention gffl = Re(gﬁ) and g{; = Re(g‘];) is used and the
imaginary parts are added in the fitting code [4].

Defining

fo.f
o (6)

(992 + (g)?
the lowest-order expressions for the various lepton-related
asymmetries on the Z pole are [8-10] A%Oég) = (3/4)AAy,
P(t) = —A,, P(1)/* = —(3/4)A., Arr = A.. The full analy-

sis takes into account the energy dependence of the asymmetries.

Experimentally Apg is defined as (o7 — og)/(or + or) where
or(r) are the ete” — Z production cross sections with left-
(right)-handed electrons.

HTTP://PDG.LBL.GOV Page 4 Created: 9/15/2006 12:09



Citation: W.-M. Yao et al. (Particle Data Group), J. Phys. G 33, 1 (2006) (URL: http://pdg.Ibl.gov)

The definition of the partial decay width of the Z to ff
includes the effects of QED and QCD final state corrections
as well as the contribution due to the imaginary parts of the
couplings:

GrM2 N
6127

where Ré and R;’Zl are radiator factors to account for final state

_ 2 2
L(ff) = Qﬁ‘ foﬂ%‘ R)) + Acwsqen (7)

QED and QCD corrections as well as effects due to nonzero
fermion masses, and A, qcp represents the non-factorizable

electroweak /QCD corrections.

S-matrix approach to the Z

While most experimental analyses of LEP/SLC data have
followed the ‘Breit-Wigner’ approach, an alternative S-matrix-
based analysis is also possible. The Z, like all unstable parti-
cles, is associated with a complex pole in the S matrix. The
pole position is process independent and gauge invariant. The
mass, M z, and width, 'z, can be defined in terms of the pole
in the energy plane via [11-14]

5=y —iMsTy (8)
leading to the relations
My =Myz/\/14+T%/M2
~ M, —34.1 MeV (9)
Ly =Tyz/\/1+T% /M2
~T; — 0.9 MeV . (10)
Some authors [15] choose to define the Z mass and width via

5= (M~ 1777 (11)
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which vields Mz ~ My — 26 MeV, 'y ~T'z — 1.2 MeV.

The L3 and OPAL Collaborations at LEP (ACCIARRI
00Q and ABBIENDI 04G) have analyzed their data using
the S—matrix approach as defined in Eq. (8), in addition to
the conventional one. They observe a downward shift in the

Z mass as expected.

Handling the large-angle et e~ final state

Unlike other ff decay final states of the Z, the ete™ final
state has a contribution not only from the s-channel but also
from the t-channel and s-t interference. The full amplitude
is not amenable to fast calculation, which is essential if one
has to carry out minimization fits within reasonable computer
time. The usual procedure is to calculate the non-s channel
part of the cross section separately using the Standard Model
programs ALIBABA [16] or TOPAZO0 [17] with the measured
value of Migp, and Mpiges = 150 GeV and add it to the s-
channel cross section calculated as for other channels. This
leads to two additional sources of error in the analysis: firstly,
the theoretical calculation in ALIBABA itself is known to be
accurate to ~ 0.5%, and secondly, there is uncertainty due
to the error on My, and the unknown value of Mpiggs (100
1000 GeV). These errors are propagated into the analysis by
including them in the systematic error on the ete™ final state.
As these errors are common to the four LEP experiments, this

is taken into account when performing the LEP average.

Errors due to uncertainty in LEP energy determina-
tion [18-23]
The systematic errors related to the LEP energy measure-

ment can be classified as:
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e The absolute energy scale error;

e Energy-point-to-energy-point errors due to the non-
linear response of the magnets to the exciting cur-
rents;

e Energy-point-to-energy-point errors due to possible
higher-order effects in the relationship between the
dipole field and beam energys;

e Energy reproducibility errors due to various un-
known uncertainties in temperatures, tidal effects,

corrector settings, RF' status, etc.

Precise energy calibration was done outside normal data
taking using the resonant depolarization technique. Run-time
energies were determined every 10 minutes by measuring the
relevant machine parameters and using a model which takes
into account all the known effects, including leakage currents
produced by trains in the Geneva area and the tidal effects
due to gravitational forces of the Sun and the Moon. The LEP
Energy Working Group has provided a covariance matrix from
the determination of LEP energies for the different running
periods during 1993-1995 [18].

Choice of fit parameters

The LEP Collaborations have chosen the following primary
set of parameters for fitting: My, I'y, Ogadron’ R(lepton),
A;E)l’; ), where R(lepton) = I'(hadrons)/I'(lepton), o}, 4.0, =
127 (eTe™ ) (hadrons)/M2I'%. With a knowledge of these fit-
ted parameters and their covariance matrix, any other param-
eter can be derived. The main advantage of these parameters
is that they form the least correlated set of parameters, so
that it becomes easy to combine results from the different LEP

experiments.
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Thus, the most general fit carried out to cross section and
asymmetry data determines the nine parameters: My, 'z,
o} arons B(€), R(p), R(T), Ag)ée), Ag%’g”), A;?l’;). Assumption of
lepton universality leads to a five-parameter fit determining

0,¢
My, Ty, Ogadron’ R(lepton), A%B).

Combining results from LEP and SLC experiments

With steady increase in statistics over the years and im-
proved understanding of the common systematic errors between
LEP experiments, the procedures for combining results have
evolved continuously [24].  The Line Shape Sub-group of the
LEP Electroweak Working Group investigated the effects of
these common errors and devised a combination procedure for
the precise determination of the Z parameters from LEP ex-
periments [25].  Using these procedures this note also gives
the results after combining the final parameter sets from the
four experiments and these are the results quoted as the fit re-
sults in the Z listings below. Transformation of variables leads
to values of derived parameters like partial decay widths and
branching ratios to hadrons and leptons. Finally, transforming
the LEP combined nine parameter set to (Mz, I'z, 0p, 41005 gffl,
g"’;, f = e, u, 7) using the average values of lepton asymmetry
parameters (Ae, A,, A;) as constraints, leads to the best fitted
values of the vector and axial-vector couplings (gy, g4) of the
charged leptons to the Z.

Brief remarks on the handling of common errors and their
magnitudes are given below. The identified common errors are
those coming from

(a) LEP energy calibration uncertainties, and

(b) the theoretical uncertainties in (i) the luminosity deter-

mination using small angle Bhabha scattering, (ii) estimating
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the non-s channel contribution to large angle Bhabha scatter-
ing, (iii) the calculation of QED radiative effects, and (iv) the
parametrization of the cross section in terms of the parameter

set used.

Common LEP energy errors

All the collaborations incorporate in their fit the full LEP
energy error matrix as provided by the LEP energy group for
their intersection region [18]. The effect of these errors is
separated out from that of other errors by carrying out fits with
energy errors scaled up and down by ~ 10% and redoing the
fits. From the observed changes in the overall error matrix the
covariance matrix of the common energy errors is determined.
Common LEP energy errors lead to uncertainties on My, I'z,
and oy, 4.0 Of 1.7, 1.2 MeV, and 0.011 nb respectively.

Common luminosity errors

BHLUMI 4.04 [26] is used by all LEP collaborations for
small angle Bhabha scattering leading to a common uncertainty
in their measured cross sections of 0.061% [27]. BHLUMI
does not include a correction for production of light fermion
pairs. OPAL explicitly correct for this effect and reduce their
luminosity uncertainty to 0.054% which is taken fully corre-
lated with the other experiments. The other three experiments

among themselves have a common uncertainty of 0.061%.

Common non-s channel uncertainties

The same standard model programs ALIBABA [16] and
TOPAZO [17] are used to calculate the non-s channel contri-
bution to the large angle Bhabha scattering [28]. As this
contribution is a function of the Z mass, which itself is a vari-
able in the fit, it is parametrized as a function of My by each

collaboration to properly track this contribution as My varies
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in the fit. The common errors on R, and A;E)g) are 0.024 and
0.0014 respectively and are correlated between them.

Common theoretical uncertainties: QED

There are large initial state photon and fermion pair radia-
tion effects near the Z resonance for which the best currently
available evaluations include contributions up to O(a?). To
estimate the remaining uncertainties different schemes are in-
corporated in the standard model programs ZFITTER [5],
TOPAZO0 [17] and MIZA [29]. Comparing the different options
leads to error estimates of 0.3 and 0.2 MeV on My and 'y
respectively and of 0.02% on op, ...

Common theoretical uncertainties: parametrization of
lineshape and asymmetries

To estimate uncertainties arising from ambiguities in the
model-independent parametrization of the differential cross-
section near the Z resonance, results from TOPAZO and
ZFITTER were compared by using ZFITTER to fit the cross
sections and asymmetries calculated using TOPAZO. The re-
sulting uncertainties on Mz, I'z, oy, 400> £2(lepton) and Ag]’é)
are 0.1 MeV, 0.1 MeV, 0.001 nb, 0.004, and 0.0001 respectively.

Thus the overall theoretical errors on Mz, I'z, o}, 4., are
0.3 MeV, 0.2 MeV, and 0.008 nb respectively; on each R(lepton)

is 0.004 and on each A;?é) is 0.0001. Within the set of three

R(lepton)’s and the set of three A;?é)’s the respective errors
are fully correlated.

All the theory related errors mentioned above utilize
Standard Model programs which need the Higgs mass and
running electromagnetic coupling constant as inputs; un-
certainties on these inputs will also lead to common er-

rors. All LEP collaborations used the same set of inputs
for Standard Model calculations: My; = 91.187 GeV, the
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Fermi constant Gp = (1.16637 & 0.00001) x 10~° GeV 2 [30],
a®)(My) = 1/128.877 + 0.090 [31], as(My) = 0.119 [32],
Miop = 174.3 £ 5.1 GeV [32] and Mpjges = 150 GeV. The only
observable effect, on Mz, is due to the variation of Mpyjgges
between 100-1000 GeV (due to the variation of the v/Z inter-
ference term which is taken from the Standard Model): My
changes by +0.23 MeV per unit change in logyq Mpiges/GeV,
which is not an error but a correction to be applied once Myjggs

is determined. The effect is much smaller than the error on
My (£2.1 MeV).

Methodology of combining the LEP experimental results
The LEP experimental results actually used for combination
are slightly modified from those published by the experiments
(which are given in the Listings below). This has been done
in order to facilitate the procedure by making the inputs more
consistent. These modified results are given explicitly in [25].
The main differences compared to the published results are

(a) consistent use of ZFITTER 6.23 and TOPAZ0. The
published ALEPH results used ZFITTER 6.10. (b) use of the
combined energy error matrix which makes a difference of
0.1 MeV on the My and I'z for L3 only as at that intersection
the RF modeling uncertainties are the largest.

Thus, nine-parameter sets from all four experiments with
their covariance matrices are used together with all the com-
mon errors correlations. A grand covariance matrix, V, is
constructed and a combined nine-parameter set is obtained by
minimizing x2 = AT V-1 A, where A is the vector of residu-
als of the combined parameter set to the results of individual
experiments.

Having verified that the fit parameters for the individual

leptons are same within errors, each LEP experiment carried out
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five parameter fits assuming lepton universality. These results
are also combined following the same methodology as for the
nine-parameter case. The Z listings give these as the “OUR
FIT” values.

Study of Z — bb and Z — cc

In the sector of ¢- and b-physics the LEP experiments have
measured the ratios of partial widths R, = I'(Z — bb)/T'(Z —
hadrons) and R. = I'(Z — ¢¢)/T'(Z — hadrons) and the
forward-backward (charge) asymmetries AII’;)B and A$y. The
SLD experiment at SLC has measured the ratios R. and Ry
and, utilizing the polarization of the electron beam, was able
to obtain the final state coupling parameters A and A. from a
measurement, of the left-right forward-backward asymmetry of
b— and c—quarks. The high precision measurement of R, at
SLD was made possible owing to the small beam size and very
stable beam spot at SLC, coupled with a highly precise CCD
pixel detector. Several of the analyses have also determined
other quantities, in particular the semileptonic branching ratios,
B(b— ¢7), B(b— ¢ — (1), and B(c — £7), the average time-
integrated B'B’ mixing parameter Y and the probabilities for
a c—quark to fragment into a DT, a Dy, a D*" | or a charmed
baryon. The latter measurements do not concern properties of
the Z boson and hence they do not appear in the listing below.
However, for completeness, we will report at the end of this
minireview their values as obtained fitting the data contained
in the Z section. All these quantities are correlated with the
electroweak parameters, and since the mixture of b hadrons is
different from the one at the 77(4S), their values might differ
from those measured at the 77(4S5).

All the above quantities are correlated to each other since:
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e Several analyses (for example the lepton fits) deter-
mine more than one parameter simultaneously;

e Some of the electroweak parameters depend explic-
itly on the values of other parameters (for example
Ry, depends on R.);

e Common tagging and analysis techniques produce

common systematic uncertainties.

The LEP Electroweak Heavy Flavour Working Group has
developed [33] a procedure for combining the measurements tak-
ing into account known sources of correlation. The combining
procedure determines fourteen parameters: the six parameters
of interest in the electroweak sector, Ry, R, AZI’;}B, A%EB, Ay and
A, and, in addition, B(b — £7), B(b — ¢ — £7), B(c — £1), ¥,
F(D*), F(Ds), f(ctaryon) and Plc — D) x B(D*+ — 7+ DY),
to take into account their correlations with the electroweak
parameters. Before the fit both the peak and off-peak asym-
metries are translated to the common energy /s = 91.26 GeV
using the predicted energy dependence from ZFITTER [5].

Summary of the measurements and of the various kinds
of analysis

The measurements of R, and R, fall into two classes. In
the first, named single-tag measurement, a method for selecting
b and c events is applied and the number of tagged events is
counted. A second technique, named double-tag measurement,
has the advantage that the tagging efficiency is directly derived
from the data thereby reducing the systematic error on the
measurement.

The measurements in the b- and c-sector can be essentially

grouped in the following categories:
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e Lifetime (and lepton) double-tagging measurements
of Rp. These are the most precise measurements
of R, and obviously dominate the combined re-
sult. The main sources of systematics come from
the charm contamination and from estimating the
hemisphere b-tagging efficiency correlation;

e Analyses with D/D** to measure R.. These mea-
surements make use of several different tagging
techniques (inclusive/exclusive double tag, exclu-
sive double tag, reconstruction of all weakly decay-
ing charmed states) and no assumptions are made
on the energy dependence of charm fragmentation;

e A measurement of R. using single leptons and
assuming B(b — ¢ — £7);

e Lepton fits which use hadronic events with one
or more leptons in the final state to measure the
asymmetries A%EB and A%EB. Each analysis usually
gives several other electroweak parameters. The
dominant sources of systematics are due to lepton
identification, to other semileptonic branching ratios
and to the modeling of the semileptonic decay;

e Measurements of AS’?B using lifetime tagged events
with a hemisphere charge measurement. These
measurements dominate the combined result;

e Analyses with D/D** to measure A%, or simulta-
neously A%EB and A%EB;

e Measurements of A, and A, from SLD, using several
tagging methods (lepton, kaon, D/D*, and vertex
mass). These quantities are directly extracted from
a measurement of the left—right forward—backward
asymmetry in ¢ and bb production using a polarized
electron beam.
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Averaging procedure
All the measurements are provided by the LEP and SLD

Collaborations in the form of tables with a detailed breakdown
of the systematic errors of each measurement and its dependence
on other electroweak parameters.

The averaging proceeds via the following steps:

e Define and propagate a consistent set of external
inputs such as branching ratios, hadron lifetimes,
fragmentation models etc. All the measurements
are checked to ensure that all use a common set of
assumptions (for instance since the QCD corrections
for the forward—backward asymmetries are strongly
dependent on the experimental conditions, the data
are corrected before combining);

e Form the full (statistical and systematic) covariance
matrix of the measurements. The systematic cor-
relations between different analyses are calculated
from the detailed error breakdown in the mea-
surement tables. The correlations relating several
measurements made by the same analysis are also
used;

e Take into account any explicit dependence of a
measurement on the other electroweak parameters.
As an example of this dependence we illustrate
the case of the double-tag measurement of Ry,
where c-quarks constitute the main background.
The normalization of the charm contribution is not
usually fixed by the data and the measurement of
Ry, depends on the assumed value of R., which can
be written as:

(R~ R

R, ’
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where R} is the result of the analysis which
assumed a value of R, = R™4 and a(R.) is the
constant which gives the dependence on R,;

e Perform a y? minimization with respect to the

combined electroweak parameters.

After the fit the average peak asymmetries A%EB and A%EB
are corrected for the energy shift from 91.26 GeV to My and for
QED (initial state radiation), v exchange, and vZ interference
effebcts to obtain the corresponding pole asymmetries A%g and
AN

This averaging procedure, using the fourteen parameters
described above and applied to the data contained in the Z
particle listing below, gives the following results (where the last
8 parameters do not depend directly on the Z):

R) = 0.21629 + 0.00066
RY= 0.1721 4 0.0030
A% = 0.0992 +0.0016
A%e = 0.0707 +0.0035

Ay = 0.923 +0.020

A.= 0.670 +0.027
B(b— ¢7) = 0.1071 =+0.0022
B(b— ¢ — ¢*) = 0.0801 =+0.0018
B(c— ¢) = 0.0969 =+ 0.0031
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X = 0.1250 £ 0.0039

f(DT)= 0.235 +£0.016

)

f(Ds) = 0.126 =+0.026
)= 0.093 =+0.022
)

Among the non—electroweak observables the B semileptonic
branching fraction B(b — ¢7) is of special interest since the
dominant error source on this quantity is the dependence on
the semileptonic decay model for b — ¢~ with AB(b —
0 )yt —model = 0.0012. Extensive studies have been made
to understand the size of this error. Among the electroweak
quantities the quark asymmetries with leptons depend also on
the semileptonic decay model while the asymmetries using other
methods usually do not. The fit implicitely requires that the
different methods give consistent results and this effectively
constraints the decay model and thus reduces in principle the
error from this source in the fit result.

To obtain a conservative estimate of the modelling er-
ror the above fit has been repeated removing all asymmetry
measurements. The results of the fit on B—decay related ob-
servables are [24]: B(b — ¢7) = 0.1069 £ 0.0022, with
AB(b — 07 )yt —model = 0.0013, B(b — ¢ — (1) = 0.0802 +
0.0019 and y¥ = 0.1259 + 0.0042.
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Z MASS

OUR FIT is obtained using the fit procedure and correlations as determined
by the LEP Electroweak Working Group (see the “Note on the Z boson").
The fit is performed using the Z mass and width, the Z hadronic pole
cross section, the ratios of hadronic to leptonic partial widths, and the
Z pole forward-backward lepton asymmetries. This set is believed to be
most free of correlations.

The Z-boson mass listed here corresponds to a Breit-Wigner resonance
parameter. The value is 34 MeV greater than the real part of the position
of the pole (in the energy-squared plane) in the Z-boson propagator. Also
the LEP experiments have generally assumed a fixed value of the v — Z
interferences term based on the standard model. Keeping this term as
free parameter leads to a somewhat larger error on the fitted Z mass. See
ACCIARRI 00Q and ABBIENDI 04G for a detailed investigation of both
these issues.

VALUE (GeV) EVTS DOCUMENT ID TECN  COMMENT

91.1876+0.0021 OUR FIT

91.185240.0030 4.57TM 1 ABBIENDI 01A OPAL EE£§,= 88-94 GeV
91.1863+0.0028 4.08M 2 ABREU 00F DLPH EE§,= 88-94 GeV
91.1898+0.0031 3.96M 3 ACCIARRI 00c L3 EES,= 88-94 GeV
91.1885+0.0031 4.57TM 4 BARATE 00C ALEP EE§,= 88-94 GeV
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e o o We do not use the following data for averages, fits, limits, etc. o o o

91.187240.0033 5 ABBIENDI ~ 04G OPAL EE§,= LEP1 +
130-209 GeV
91.272 +0.032 +0.033 6 ACHARD 04c L3 EEE, = 183-209
GeV
91.1875-+0.0039 3.97M 7 ACCIARRI  00Q L3 EE, = LEP1 +
130-189 GeV
91.151 +0.008 8 MIYABAYASHI 95 TOPZ E&S,= 57.8 GeV
91.74 +0.28 +0.93 156 ALITTI 928 UA2  EPP =630 Gev
90.9 +0.3 +0.2 188 10 ABE 89c CDF  EPP—=1.8 Tev
91.14 40.12 480 11 ABRAMS 898 MRK2 ES = 89-93 GeV
93.1 +1.0 +3.0 24 12A1BAJAR 89 UA1  EPP— 546,630 Gev

L ABBIENDI 01A error includes approximately 2.3 MeV due to statistics and 1.8 MeV due
to LEP energy uncertainty.

2The error includes 1.6 MeV due to LEP energy uncertainty.

3 The error includes 1.8 MeV due to LEP energy uncertainty.

4 BARATE 00C error includes approximately 2.4 MeV due to statistics, 0.2 MeV due to
experimental systematics, and 1.7 MeV due to LEP energy uncertainty.

5 ABBIENDI 04G obtain this result using the S—matrix formalism for a combined fit to
their cross section and asymmetry data at the Z peak and their data at 130-209 GeV.
The authors have corrected the measurement for the 34 MeV shift with respect to the
Breit—Wigner fits.

6 ACHARD 04C select et e~ — Z ~ events with hard initial-state radiation. Z decays to
gq and muon pairs are considered. The fit results obtained in the two samples are found
consistent to each other and combined considering the uncertainty due to ISR modelling
as fully correlated.

7 ACCIARRI 00Q interpret the s-dependence of the cross sections and lepton forward-
backward asymmetries in the framework of the S-matrix formalism. They fit to their
cross section and asymmetry data at high energies, using the results of S-matrix fits to
Z-peak data (ACCIARRI 00C) as constraints. The 130-189 GeV data constrains the v/Z
interference term. The authors have corrected the measurement for the 34.1 MeV shift
with respect to the Breit-Wigner fits. The error contains a contribution of +2.3 MeV
due to the uncertainty on the v Z interference.

8 MIYABAYASHI 95 combine their low energy total hadronic cross-section measurement
with the ACTON 93D data and perform a fit using an S-matrix formalism. As expected,
this result is below the mass values obtained with the standard Breit-Wigner parametriza-
tion.

9 Enters fit through W/Z mass ratio given in the W Particle Listings. The ALITTI 92B
systematic error (£0.93) has two contributions: one (£0.92) cancels in myy,/m 7 and
one (£0.12) is noncancelling. These were added in quadrature.

10 First error of ABE 89 is combination of statistical and systematic contributions; second
is mass scale uncertainty.
11 ABRAMS 898 uncertainty includes 35 MeV due to the absolute energy measurement.

12 ALBAJAR 89 result is from a total sample of 33 Z — et e events.
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Z WIDTH

OUR FIT is obtained using the fit procedure and correlations as determined
by the LEP Electroweak Working Group (see the “Note on the Z boson").

VALUE (GeV) EVTS DOCUMENT ID TECN COMMENT
2.4952+0.0023 OUR FIT

2.4948+0.0041 457M 13 ABBIENDI  01A OPAL EEE,= 88-94 GeV
2.4876+0.0041 4.08M 14 ABREU 00F DLPH E&& = 88-94 GeV
2.5024 +0.0042 3.96M 15 ACCIARRI  o0c L3 EEE = 88-94 GeV
2.495140.0043 457M 16 BARATE 00C ALEP ES8 = 88-94 GeV

e o o We do not use the following data for averages, fits, limits, etc. e o @

2.4943+£0.0041 17 ABBIENDI  04G OPAL EES,= LEP1 + 130-209 |
2.5025+0.0041 3.97M 18 ACCIARRI  00q L3 Egﬁcj:i/LEPl + 130-189
250 +0.21 +0.06 19 ABREU 96rR DLPH Egﬁfi/gu GeV

38 408 +1.0 188 ABE 89c CDF  EPP— 18 Tev

242 O 480 20 ABRAMS 898 MRK2 EEE = 89-93 GeV

27  T1% 13 24 2LALBAJAR 89 UAL  EPP— 546,630 GeV

27 +20 +1.0 25 22 ANSARI 87 UA2  EPP_ 546,630 GeV

13 ABBIENDI 01A error includes approximately 3.6 MeV due to statistics, 1 MeV due to
event selection systematics, and 1.3 MeV due to LEP energy uncertainty.

14 The error includes 1.2 MeV due to LEP energy uncertainty.

15 The error includes 1.3 MeV due to LEP energy uncertainty.

16 BARATE 00C error includes approximately 3.8 MeV due to statistics, 0.9 MeV due to
experimental systematics, and 1.3 MeV due to LEP energy uncertainty.

17 ABBIENDI 04G obtain this result using the S—matrix formalism for a combined fit to
their cross section and asymmetry data at the Z peak and their data at 130-209 GeV.
The authors have corrected the measurement for the 1 MeV shift with respect to the
Breit—-Wigner fits.

18 ACCIARRI 00Q interpret the s-dependence of the cross sections and lepton forward-
backward asymmetries in the framework of the S-matrix formalism. They fit to their
cross section and asymmetry data at high energies, using the results of S-matrix fits to
Z-peak data (ACCIARRI 00C) as constraints. The 130-189 GeV data constrains the v/Z
interference term. The authors have corrected the measurement for the 0.9 MeV shift
with respect to the Breit-Wigner fits.

19 ABREU 96R obtain this value from a study of the interference between initial and final
state radiation in the process eT e™ — Z — ;ﬁ’ uo.

20 ABRAMS 898 uncertainty includes 50 MeV due to the miniSAM background subtraction
error.

21 ALBAJAR 89 result is from a total sample of 33 Z — eT e events.

22Quoted values of ANSARI 87 are from direct fit. Ratio of Z and W production gives

either '(Z) < (1.09=£0.07) x [(W), CL = 90% or [(Z) = (0.82 7512 £ 0.06) x r(w).
Assuming Standard-Model value (W) = 2.65 GeV then gives I'(Z) < 2.89 + 0.19 or

_ 5 17+0.50
=2171 537 £ 0.16.
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Z DECAY MODES

Scale factor/

Mode Fraction (I';/T) Confidence level
[ ete ( 3.363 £0.004 ) %
TR T ( 3.366 +£0.007 ) %
s 7777 ( 3.370 4+0.008 ) %
Fn  0T0™ [a] ( 3.3658:0.0023) %
[5  invisible (20.00 +0.06 )%
6  hadrons (69.91 +0.06 )%
M7 (ut+cc)/2 (116  +06 )%
Mg (dd+s5+bb)/3 (156 +04 )%
g cc (12.03 £0.21 )%
Mo bb (1512 +0.05 )%
M1 bbbb (36 +13 )x1074
M1 ggg < 11 % CL=95%
M3 70y < 52 %1075  CL=95%
F1a 17 < 5.1 x 1070  CL=95%
M5 wy < 6.5 x 1074  CL=95%
M6 7'(958)7y < 42 x107%  CL=95%
17 vy < 5.2 x 1075  CL=95%
Fis  YYY < 1.0 x 1075  CL=95%
Mg =T WTF [b] < 7 %1075 CL=95%
Mo pEWT [b] < 8.3 x 1075  CL=95%
M1 J/9(1S)X (351 923 yx10-3 S=1.1
M (2S)X (160 +029 )x10~3
M3 xe1(1P)X (29 +07 )x1073
Mos  Xe2(1P)X < 32 x 1073 CL=90%
M5  T(1S) X +7(2S) X (1.0 +05 )x1074

+7(3S) X

M6 T(1S)X < 4.4 x 1072 CL=95%
7 T(2S)X < 139 x10~4  CL=95%
Mg T(35)X < 94 x 1072  CL=95%
M (D°/D%) X (207 420 )%
Mo DEX (122 +17 )%
M1 D*(2010)*X [b] (114 13 )%
M3, Dg1(2536)F X (36 +08 )x1073
N33 D,s(2573)* X (58 422 )x1073
F34 D*’(2629)iX searched for
M3 BX
M B*X
37 BTX (6.03 +0.15 )%
Mg BIX (155 +0.13 )%
F39 B;FX searched for
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Mo ATX (154 +033 )%

41 b-baryon X (151 +026 )%

[4o anomalous v+ hadrons [c] < 3.2 x 1073  CL=95%
M43 eTe v [c] < 5.2 x 1074  CL=95%
Fag  phtp—ry [c] < 56 x 1074  CL=95%
Fas 77777 [c] < 7.3 x 1074 CL=95%
Cag (T 07 vy [d] < 68 x 1070 CL=95%
Ca7 QY7 [d] < 5.5 x1070  CL=95%
Fag vy [d] < 3.1 x 1070 CL=95%
M4 etpF LF [l < 17 %1076 CL=95%
Mg eTrF LF  [b] < 98 %1076 CL=95%
Mgy ptrt LF bl < 12 x 1075 CL=95%
M50  pe LB < 18 x1070  CL=95%
Ms3  pp LB < 18 x1070  CL=95%

[a] ¢ indicates each type of lepton (e, i, and 7), not sum over them.

[b] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[c] See the Particle Listings below for the + energy range used in this mea-
surement.

[d] For m.,, = (60 £ 5) GeV.

Z PARTIAL WIDTHS
Mete) M

For the LEP experiments, this parameter is not directly used in the overall fit but is
derived using the fit results; see the ‘Note on the Z Boson.’

VALUE (MeV) _ Evrs DOCUMENT ID TECN COMMENT
83.91+0.12 OUR FIT

83.66+0.20 137.0K  ABBIENDI  01A OPAL EEE,= 88-94 GeV
83.54+0.27 117.8k ABREU 00F DLPH EE& = 88-94 GeV
84.1640.22 124.4k ACCIARRI  00C L3 EEE, = 88-94 GeV
83.88+0.19 BARATE 00C ALEP EEE = 88-94 GeV
82.89+1.2040.89 23 ABE 95) SLD  ES&,= 91.31 GeV

23 ABE 95 obtain this measurement from Bhabha events in a restricted fiducial region to
improve systematics. They use the values 91.187 and 2.489 GeV for the Z mass and
total decay width to extract this partial width.

F(u*p) e | TR &
This parameter is not directly used in the overall fit but is derived using the fit results;
see the ‘Note on the Z Boson.’

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT
83.99+0.18 OUR FIT

84.03+0.30 182.8K ABBIENDI 01A OPAL EE§,= 88-94 GeV
84.48+0.40 157.6k ABREU 00F DLPH EE§,= 88-94 GeV
83.95+0.44 113.4k ACCIARRI 0oc L3 EES,= 88-94 GeV
84.02+0.28 BARATE 00C ALEP EE§,= 88-94 GeV
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r(rtr)

M3

This parameter is not directly used in the overall fit but is derived using the fit results;

see the ‘Note on the Z Boson.’

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT

84.08+0.22 OUR FIT

83.94+0.41 151.5K ABBIENDI 01A OPAL Eceﬁ]: 88-94 GeV
83.71+0.58 104.0k ABREU 00F DLPH EE§,= 88-94 GeV
84.23+0.58 103.0k ACCIARRI 00cC L3 EES,= 88-94 GeV
84.38+0.31 BARATE 00C ALEP EE§,= 88-94 GeV
r(ete) Fa

In our fit [(¢1 £7) is defined as the partial Z width for the decay into a pair of massless
charged leptons. This parameter is not directly used in the 5-parameter fit assuming
lepton universality but is derived using the fit results. See the ‘Note on the Z Boson.’

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT
83.984+0.086 OUR FIT

83.82 +0.15 4713K  ABBIENDI  01A OPAL EES,= 88-94 GeV

83.85 +0.17 379.4k  ABREU 00F DLPH ESE,= 88-94 GeV
84.14 £0.17 340.8k  ACCIARRI  00C L3  EES,= 88-94 GeV

84.02 +0.15 500k BARATE 00C ALEP ESE,= 88-94 GeV

[ (invisible) s

We use only direct measurements of the invisible partial width using the single pho-
ton channel to obtain the average value quoted below. OUR FIT value is obtained
as a difference between the total and the observed partial widths assuming lepton

universality.

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT

499.0+ 1.5 OURFIT

503 +16 OUR AVERAGE Error includes scale factor of 1.2.

498 +12 +12 1791 ACCIARRI 98G L3 Eg%: 88-94 GeV
539 +26 =£17 410 AKERS 95Cc OPAL Egﬁa,: 88-94 GeV
450 +34 434 258 BUSKULIC 93L ALEP EE£§,= 88-94 GeV
540 +80 =£40 52 ADEVA 92 L3 Egﬁa,: 88-94 GeV
e o o We do not use the following data for averages, fits, limits, etc. ® o o

498.1+ 2.6 24 ABBIENDI  01A OPAL EEE,= 88-94 GeV
498.1+ 3.2 24 ABREU 00F DLPH EEE = 88-94 GeV
499.1+ 2.9 24 ACCIARRI  00C L3 EEE,= 88-94 GeV
499.1+ 2.5 24 BARATE 00C ALEP EEE,— 88-94 GeV

24 This is an indirect determination of I(invisible) from a fit to the visible Z decay modes.
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I (hadrons) le
This parameter is not directly used in the 5-parameter fit assuming lepton universality,
but is derived using the fit results. See the ‘Note on the Z Boson.’

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT
1744.4+2.0 OUR FIT

1745.4+3.5 4.10M ABBIENDI 01A OPAL EE§,= 88-94 GeV
1738.1+4.0 3.70M ABREU 00F DLPH EE§,= 88-94 GeV
1751.1+3.8 3.54M ACCIARRI 0oc L3 EES,= 88-94 GeV
1744.0+3.4 4.07M BARATE 00C ALEP EE§,= 88-94 GeV

Z BRANCHING RATIOS

OUR FIT is obtained using the fit procedure and correlations as determined
by the LEP Electroweak Working Group (see the “Note on the Z boson").

I (hadrons) /T (et e™) Fe/M1
VALUE EVTS DOCUMENT ID TECN COMMENT

20.804+ 0.050 OUR FIT

20.902+ 0.084 137.0K 25 ABBIENDI  01A OPAL EEE,= 88-94 GeV
20.88 + 0.12 117.8k ABREU 00F DLPH E&& = 88-94 GeV
20.816+ 0.089 124.4k ACCIARRI  00C L3 EEE,= 88-94 GeV
20.677+ 0.075 26 BARATE 00C ALEP ES8 = 88-94 GeV

e o o We do not use the following data for averages, fits, limits, etc. o o @

270 TIL1 12 27 ABRAMS 89D MRK2 EEE = 89-93 GeV

25 ABBIENDI 01A error includes approximately 0.067 due to statistics, 0.040 due to event
selection systematics, 0.027 due to the theoretical uncertainty in t-channel prediction,
and 0.014 due to LEP energy uncertainty.

26 BARATE 00C error includes approximately 0.062 due to statistics, 0.033 due to experi-
mental systematics, and 0.026 due to the theoretical uncertainty in t-channel prediction.

27 ABRAMS 89D have included both statistical and systematic uncertainties in their quoted
errors.

I (hadrons) /T (ut ™) e/l
OUR FIT is obtained using the fit procedure and correlations as determined by the
LEP Electroweak Working Group (see the “Note on the Z boson").

VALUE EVTS DOCUMENT ID TECN COMMENT
20.785+:0.033 OUR FIT

20.81140.058 182.8K 28 ABBIENDI ~ 01A OPAL ESE,= 88-94 GeV
20.65 -+0.08 157.6k ABREU 00F DLPH ES& = 88-94 GeV
20.861-+0.097 113.4k ACCIARRI  00C L3 EEE,= 88-94 GeV
20.799-+0.056 29 BARATE 00C ALEP ES8 = 88-94 GeV
o o o We do not use the following data for averages, fits, limits, etc. ® o o

189 *13 13 30 ABRAMS 89D MRK2 EEE = 89-93 GeV

28 ABBIENDI 01A error includes approximately 0.050 due to statistics and 0.027 due to
event selection systematics.

29 BARATE 00C error includes approximately 0.053 due to statistics and 0.021 due to
experimental systematics.

30 ABRAMS 89D have included both statistical and systematic uncertainties in their quoted
errors.
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I (hadrons) /T (7+77) le/l'3
OUR FIT is obtained using the fit procedure and correlations as determined by the
LEP Electroweak Working Group (see the “Note on the Z boson”).

VALUE EVTS DOCUMENT ID TECN COMMENT
20.764+0.045 OUR FIT

20.832+0.091 151.5K 31 ABBIENDI ~ 01A OPAL EEE,= 88-94 GeV
20.84 +0.13 104.0k ABREU 00F DLPH E&& = 88-94 GeV
20.792+0.133 103.0k ACCIARRI  00C L3 EEE,= 88-94 GeV
20.707+0.062 32 BARATE 00C ALEP ES = 88-94 GeV
o o o We do not use the following data for averages, fits, limits, etc. ® o o

152 T338 21 33 ABRAMS 89D MRK2 EEE = 89-93 GeV

31 ABBIENDI 01A error includes approximately 0.055 due to statistics and 0.071 due to
event selection systematics.

32BARATE 00C error includes approximately 0.054 due to statistics and 0.033 due to
experimental systematics.

33 ABRAMS 89D have included both statistical and systematic uncertainties in their quoted
errors.

I (hadrons) /T (¢+€-) F6/Ta

£ indicates each type of lepton (e, u, and 7), not sum over them.

Our fit result is obtained requiring lepton universality.

VALUE EVTS DOCUMENT ID TECN COMMENT
20.767+:0.025 OUR FIT

20.823-+0.044 4713K 34 ABBIENDI  01A OPAL EESE,= 88-94 GeV
20.730-£0.060 379.4k ABREU 00F DLPH EE& = 88-94 GeV
20.810-:0.060 340.8k ACCIARRI  00C L3 EEE,= 88-94 GeV
20.725-0.039 500k 3% BARATE 00C ALEP ES§,= 88-94 GeV

o o o We do not use the following data for averages, fits, limits, etc. ® o o
18.9 T35 46 ABRAMS 898 MRK2 EES = 89-93 GeV

34 ABBIENDI 01A error includes approximately 0.034 due to statistics and 0.027 due to
event selection systematics.

35 BARATE 00C error includes approximately 0.033 due to statistics, 0.020 due to experi-
mental systematics, and 0.005 due to the theoretical uncertainty in t-channel prediction.

I (hadrons) /T¢otal e/l
This parameter is not directly used in the overall fit but is derived using the fit results;

see the ‘Note on the Z Boson.’
VALUE (%) DOCUMENT ID

69.911+0.056 OUR FIT

(et e™)/lotal r/r
This parameter is not directly used in the overall fit but is derived using the fit results;

see the ‘Note on the Z Boson.’
VALUE (%) DOCUMENT ID

3.3632+0.0042 OUR FIT
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(6t ™) /Teotal r2/T
This parameter is not directly used in the overall fit but is derived using the fit results;

see the ‘Note on the Z Boson.’
VALUE (%) DOCUMENT ID

3.36621+0.0066 OUR FIT

r(7'+ T—)/rtotal I-3/r
This parameter is not directly used in the overall fit but is derived using the fit results;

see the ‘Note on the Z Boson.’
VALUE (%) DOCUMENT ID

3.3696+0.0083 OUR FIT

F(e+ ) /Feora Fa/T

£ indicates each type of lepton (e, u, and 7), not sum over them.

Our fit result assumes lepton universality.

This parameter is not directly used in the overall fit but is derived using the fit results;
see the ‘Note on the Z Boson.’

VALUE (%) DOCUMENT ID

3.36581+0.0023 OUR FIT

I (invisible) /T'rotal /T
See the data, the note, and the fit result for the partial width, r5, above.

VALUE (%) DOCUMENT ID

20.000+0.055 OUR FIT

r(u* o) /M (et e) ra/y

This parameter is not directly used in the overall fit but is derived using the fit results;

see the ‘Note on the Z Boson.’
VALUE DOCUMENT ID

1.00090.0028 OUR FIT

r(r+ =)/l (e*e") ra/fa
This parameter is not directly used in the overall fit but is derived using the fit results;

see the ‘Note on the Z Boson.’
VALUE DOCUMENT ID

1.0019+0.0032 OUR FIT

I((uT+cc)/2)/r (hadrons) r7/Te
This quantity is the branching ratio of Z — “up-type” quarks to Z — hadrons. Except
ACKERSTAFF 97T the values of Z — “up-type” and Z — “down-type” branchings are
extracted from measurements of I'(hadrons), and I'(Z — ~+ jets) where v is a high-
energy (>5 or 7 GeV) isolated photon. As the experiments use different procedures
and slightly different values of M, I'(hadrons) and a4 in their extraction procedures,
our average has to be taken with caution.

VALUE DOCUMENT ID TECN COMMENT
0.166+0.009 OUR AVERAGE
+0.011 36 ee _
0.1727 3 010 ABBIENDI  04E OPAL EEE, = 91.2 GeV
0.16040.019+0.019 37 ACKERSTAFF 97T OPAL EEE, = 88-94 GeV
+0.038 38 ee _
0.137 5023 ABREU 95x DLPH E&& = 88-94 GeV
0.137+0.033 39 ADRIANI 93 L3 EEE,= 91.2 GeV
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36 ABBIENDI 04E select photons with energy > 7 GeV and use ["(hadrons) = 1744.4 + 2.0

MeV and ag = 0.1172 + 0.002 to obtain I, = 300112 MeV.

37 ACKERSTAFF 97T measure ruﬁ/(rdg+ruﬂ+rsg) =0.2584+0.031+£0.032. To obtain
this branching ratio authors use R.+Ry = 0.380 £ 0.010. This measurement is fully
negatively correlated with the measurement of rdE s§/(rd3 +T,5+Ts3s) given in the

next data block.
38 ABREU 95X use My = 91.187 + 0.009 GeV, I'(hadrons) = 1725 + 12 MeV and ag =

0.123 £ 0.005. To obtain this branching ratio we divide their value of C2/3 = 0911‘8%2
by their value of (3C1/3 + 2C2/3) = 6.66 £+ 0.05.

39 ADRIANI 93 use My = 91.181 + 0.022 GeV, (hadrons) = 1742 + 19 MeV and ag =
0.125+0.009. To obtain this branching ratio we divide their value of C2/3 =0.92+0.22
by their value of (3C1/3 + 2C2/3) = 6.720 £ 0.076.

I((dd+ss+bb)/3) /T (hadrons) g/Te
This quantity is the branching ratio of Z — “down-type" quarks to Z — hadrons.
Except ACKERSTAFF 97T the values of Z — “up-type” and Z — “down-type” branch-
ings are extracted from measurements of '(hadrons), and ['(Z — ~+ jets) where
is a high-energy (>5 or 7 GeV) isolated photon. As the experiments use different
procedures and slightly different values of Mz, I'(hadrons) and oy in their extraction
procedures, our average has to be taken with caution.

VALUE DOCUMENT ID TECN COMMENT
0.223+0.006 OUR AVERAGE

0.218-0.007 40 ABBIENDI ~ 04E OPAL EEE, = 91.2 GeV
0.230+0.010+0.010 41 ACKERSTAFF 97T OPAL EEE,= 88-94 GeV
0.243 7 9-03¢ 42 ABREU 95X DLPH EEE = 88-94 GeV
0.24340.022 43 ADRIANI 93 L3 EE = 91.2 GeV

40 ABBIENDI 04E select photons with energy > 7 GeV and use I"(hadrons) = 1744.4 £ 2.0
MeV and ag = 0.1172 + 0.002 to obtain [y = 381 + 12 MeV.

41 =
ACKERSTAFF 97T measure rdg’sg/(rdTrruHJrrsg) = 0.371 £ 0.016 4+ 0.016. To

obtain this branching ratio authors use R.+Rjp = 0.380 4 0.010. This measurement is
fully negatively correlated with the measurement of ruﬁ/(rdg + T, +Tss) presented

in the previous data block.
42 ABREU 95X use M = 91.187 =+ 0.009 GeV, I'(hadrons) = 1725 + 12 MeV and o, =

0.123 £ 0.005. To obtain this branching ratio we divide their value of C1/3 = 1.621‘8'%‘71

43 ADRIANI 93 use Mz = 91.181 4 0.022 GeV, '(hadrons) = 1742 £ 19 MeV and a4 =
0.125+0.009. To obtain this branching ratio we divide their value of C1/3 =1.63+0.15

R = I(c€)/r (hadrons) Fo/le
OUR FIT is obtained by a simultaneous fit to several c- and b-quark measurements
as explained in the “Note on the Z boson.”

The Standard Model predicts R. = 0.1723 for m; = 174.3 GeV and My = 150 GeV.
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VALUE DOCUMENT ID TECN COMMENT
0.1721+0.0030 OUR FIT

0.17444+0.00314+0.0021 44 ABE 05F SLD  ES8,=91.28 GeV
0.1665--0.00514+0.0081 45 ABREU 00 DLPH EESE = 88-94 GeV
0.1698 40.0069 46 BARATE 008 ALEP ES§,= 88-94 GeV

0.180 +£0.011 +0.013 47 ACKERSTAFF 98E OPAL ES§ = 88-94 GeV
0.167 +£0.011 40.012 48 ALEXANDER 96R OPAL EES,= 88-94 GeV
e o o We do not use the following data for averages, fits, limits, etc. o o @

0.1675-+0.00624+0.0103 49 BARATE 98T ALEP Repl. by BARATE 008
0.168940.0095+0.0068 20 BARATE 98T ALEP Repl. by BARATE 008
0.1623+0.008540.0209 91 ABREU 95D DLPH ES8,= 88-94 GeV

0.142 +0.008 +0.014 92 AKERS 950 OPAL Repl. by ACKERSTAFF 98E

0.165 +0.005 +0.020 53 BUSKULIC 94G ALEP Repl. by BARATE 00B

44 ABE 05F use hadronic Z decays collected during 1996—98 to obtain an enriched sample
of cT events using a double tag method. The single c—tag is obtained with a neural
network trained to perform flavor discrimination using as input several signatures (cor-
rected secondary vertex mass, vertex decay length, multiplicity and total momentum of
the hemisphere). A multitag approach is used, defining 4 regions of the output value of
the neural network and R, is extracted from a simultaneous fit to the count rates of the
4 different tags. The quoted systematic error includes an uncertainty of +0.0006 due to
the uncertainty on Ry,

45 ABREU 00 obtain this result properly combining the measurement from the D*t+ pro-
duction rate (R.= 0.1610 £ 0.0104 £ 0.0077 4 0.0043 (BR)) with that from the overall
charm counting (R.= 0.1692 4 0.0047 + 0.0063 £ 0.0074 (BR)) in cT events. The sys-
tematic error includes an uncertainty of +0.0054 due to the uncertainty on the charmed
hadron branching fractions.

46 BARATE 00B use exclusive decay modes to independently determine the quantities
Rexf(c — X), X=DO, DT, DY, and A_. Estimating R.xf(c — =, /0.)= 0.0034,
they simply sum over all the charm decays to obtain R.= 0.1738 £ 0.0047 £ 0.0088 &
0.0075(BR). This is combined with all previous ALEPH measurements (BARATE 98T
and BUSKULIC 94G, R.= 0.1681 & 0.0054 £ 0.0062) to obtain the quoted value.

47 ACKERSTAFF 98E use an inclusive/exclusive double tag. In one jet D*T mesons are
exclusively reconstructed in several decay channels and in the opposite jet a slow pion
(opposite charge inclusive D*:t) tag is used. The b content of this sample is measured
by the simultaneous detection of a lepton in one jet and an inclusively reconstructed
D*E meson in the opposite jet. The systematic error includes an uncertainty of +0.006
due to the external branching ratios.

48 ALEXANDER 96R obtain this value via direct charm counting, summing the partial

contributions from DO, D+, D:_, and /\;", and assuming that strange-charmed baryons

account for the 15% of the /\j— production. An uncertainty of +0.005 due to the
uncertainties in the charm hadron branching ratios is included in the overall systematics.

49 BARATE 98T perform a simultaneous fit to the p and p spectra of electrons from
hadronic Z decays. The semileptonic branching ratio B(c — e) is taken as 0.098 4+ 0.005
and the systematic error includes an uncertainty of +0.0084 due to this.

S0 BARATE 98T obtain this result combining two double-tagging techniques. Searching for
a D meson in each hemisphere by full reconstruction in an exclusive decay mode gives
R-=0.173 £ 0.014 £ 0.0009. The same tag in combination with inclusive identification

using the slow pion from the p*+ — pOn+ decay in the opposite hemisphere yields
R.= 0.166 £ 0.012 4 0.009. The R}, dependence is given by R.= 0.1689-0.023x (Rp~
0.2159). The three measurements of BARATE 98T are combined with BUSKULIC 94G
to give the average R.= 0.1681 + 0.0054 + 0.0062.
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51 ABREU 95D perform a maximum likelihood fit to the combined p and p distributions
of single and dilepton samples. The second error includes an uncertainty of +£0.0124
due to models and branching ratios.

52 AKERS 950 use the presence of a D*T to tag Z — c¢¢ with D* — D97 and DO —
K. They measure P xI(c<)/I'(hadrons) to be (1.006 4 0.055 £ 0.061) x 103, where
P is the product branching ratio B(c — D*)B(D* — DOmB(DO — Kr). Assuming
that P remains unchanged with energy, they use its value (7.1 40.5) x 103 determined

at CESR/PETRA to obtain I'(c€)/I'(hadrons). The second error of AKERS 950 includes
an uncertainty of 20.011 from the uncertainty on P_.

53 BUSKULIC 946 perform a simultaneous fit to the p and p spectra of both single and
dilepton events.

Ry = ' (bb) /I (hadrons) Mo/le
OUR FIT is obtained by a simultaneous fit to several c- and b-quark measurements
as explained in the “Note on the Z boson.”

The Standard Model predicts R,=0.21581 for m;=174.3 GeV and My=150 GeV.

VALUE DOCUMENT ID TECN COMMENT
0.21629-0.00066 OUR FIT

0.21594+0.00094 +0.00075 >4 ABE 05F SLD  ES8,=91.28 GeV
0.2174 =+0.0015 =+0.0028 55 ACCIARRI 00 L3 EEE,= 89-93 GeV
0.2178 +0.0011 +0.0013 56 ABBIENDI 998 OPAL EE&,= 88-94 GeV
0.21634+40.00067 +£0.00060 >/ ABREU 998 DLPH ES& = 88-94 GeV
0.2159 40.0009 +0.0011 58 BARATE 97F ALEP ES = 88-94 GeV

e o o We do not use the following data for averages, fits, limits, etc. e o @

0.2142 +0.0034 +0.0015 59 ABE 98D SLD  Repl. by ABE 05F
0.2175 +0.0014 +0.0017 60 ACKERSTAFF 97k OPAL Repl. by ABBIENDI 998
0.2167 40.0011 +0.0013 61 BARATE 97E ALEP ES = 88-94 GeV
0.229 40.011 62 ABE 96E SLD  Repl. by ABE 98D
0.2216 +0.0016 =+0.0021 63 ABREU 96 DLPH Repl. by ABREU 998
0.2145 +0.0089 +0.0067 64 ABREU 95D DLPH ES&,= 88-94 GeV
0.219 +0.006 =+0.005 65 BUSKULIC ~ 94G ALEP EE&, = 88-94 GeV
0.251 +0.049 -0.030 66 JACOBSEN 91 MRK2 EE& = 91 GeV

54 ABE 05F use hadronic Z decays collected during 1996-98 to obtain an enriched sample of
b b events using a double tag method. The single b—tag is obtained with a neural network
trained to perform flavour discrimination using as input several signatures (corrected
secondary vertex mass, vertex decay length, multiplicity and total momentum of the
hemisphere; the key tag is obtained requiring the secondary vertex corrected mass to be
above the D—-meson mass). ABE 05F obtain Rj, =0.21604 + 0.00098 + 0.00074 where
the systematic error includes an uncertainty of £20.00012 due to the uncertainty on R..
The value reported here is obtained properly combining with ABE 98D. The quoted
systematic error includes an uncertainty of £0.00012 due to the uncertainty on R...

55 ACCIARRI 00 obtain this result using a double-tagging technique, with a high p lepton
tag and an impact parameter tag in opposite hemispheres.

56 ABBIENDI 998 tag Z — bb decays using leptons and/or separated decay vertices. The
b-tagging efficiency is measured directly from the data using a double-tagging technique.

57 ABREU 998 obtain this result combining in a multivariate analysis several tagging meth-
ods (impact parameter and secondary vertex reconstruction, complemented by event
shape variables). For R different from its Standard Model value of 0.172, Ry, varies as
—0.024x(R-0.172).
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58 BARATE 97F combine the lifetime-mass hemisphere tag (BARATE 97E) with event shape
information and lepton tag to identify Z — bb candidates. They further use c- and

ud s-selection tags to identify the background. For R different from its Standard Model
value of 0.172, Ry, varies as —0.019x (R, — 0.172).

59 ABE 98D use a double tag based on 3D impact parameter with reconstruction of sec-
ondary vertices. The charm background is reduced by requiring the invariant mass at
the secondary vertex to be above 2 GeV. The systematic error includes an uncertainty of
+0.0002 due to the uncertainty on R_.

60 ACKERSTAFF 97K use lepton and/or separated decay vertex to tag independently each
hemisphere. Comparing the numbers of single- and double-tagged events, they determine
the b-tagging efficiency directly from the data.

61 BARATE 97E combine a lifetime tag with a mass cut based on the mass difference
between c hadrons and b hadrons. Included in BARATE 97F.

ABE 96E obtain this value by combining results from three different b-tagging methods
(2D impact parameter, 3D impact parameter, and 3D displaced vertex).

ABREU 96 obtain this result combining several analyses (double lifetime tag, mixed tag
and multivariate analysis). This value is obtained assuming R.=[l(c<)/I'(hadrons) =
0.172. For a value of R_ different from this by an amount AR_ the change in the value
is given by —0.087 - AR_.

64 ABREU 95D perform a maximum likelihood fit to the combined p and p distributions
of single and dilepton samples. The second error includes an uncertainty of +0.0023
due to models and branching ratios.

65 BUSKULIC 946G perform a simultaneous fit to the p and p spectra of both single and
dilepton events.

66 JACOBSEN 91 tagged bb events by requiring coincidence of > 3 tracks with significant
impact parameters using vertex detector. Systematic error includes lifetime and decay
uncertainties (+0.014).

(bbbb) /I (hadrons) M1/le
VALUE (units 1074) DOCUMENT ID TECN COMMENT

5.2:+1.9 OUR AVERAGE

3.6+1.74+2.7 67 ABBIENDI ~ 01G OPAL EEE,= 88-94 GeV
6.0+1.0+1.4 68 ABREU 99U DLPH E&E,= 88-94 GeV

67 ABBIENDI 01G use a sample of four-jet events from hadronic Z decays. To enhance the
bbbb signal, at least three of the four jets are required to have a significantly detached
secondary vertex.

8 ABREU 99U force hadronic Z decays into 3 jets to use all the available phase space
and require a btag for every jet. This decay mode includes primary and secondary 4b
production, e.g, from gluon splitting to bb.

I'(ggg)/T (hadrons) M2/l
VALUE CL% DOCUMENT ID TECN COMMENT
<1.6 x 10~2 95 69 ABREU 965 DLPH EEE = 88-94 GeV

69 This branching ratio is slightly dependent on the jet-finder algorithm. The value we quote
is obtained using the JADE algorithm, while using the DURHAM algorithm ABREU 965

obtain an upper limit of 1.5 X 10—2.

0
I'(1r ’Y) /l'tota| r13/r
VALUE CL% DOCUMENT ID TECN COMMENT
<5.2x 1075 95 70 ACCIARRI 956G L3 ESE = 88-94 GeV
<5.5 x 1072 95 ABREU 948 DLPH E&S,= 88-94 GeV
<21x1074 95 DECAMP 92 ALEP E&S = 88-94 GeV
<1.4 x 1074 95 AKRAWY 91F OPAL E&S = 88-94 GeV
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70 This limit is for both decay modes Z — 70 ’y/’yfy which are indistinguishable in ACCIA-
RRI 95G.

r(’ﬂ’Y)/ Mtotal Fa/T
VALUE CL% DOCUMENT ID TECN COMMENT

<7.6 x107° 95 ACCIARRI 956 L3 EES,= 88-04 GeV
<8.0x 107° 95 ABREU 948 DLPH ES& = 88-94 GeV
<5.1x 1075 95 DECAMP 92 ALEP ES& = 88-94 GeV
<2.0x 1074 95 AKRAWY 91F OPAL ES = 88-94 GeV

I'(w ’Y) /Ttotal Ms/T
VALUE CL% DOCUMENT ID TECN COMMENT

<6.5 x 10—4 95 ABREU 948 DLPH EE8 = 88-94 GeV

/

r(’ﬂ (958) ’Y) /Ttotal Me/T
VALUE CL% DOCUMENT ID TECN COMMENT

<4.2x 1075 95 DECAMP 92 ALEP E&& = 88-94 GeV
F(v7)/Ttotal M7/T

This decay would violate the Landau-Yang theorem.

VALUE CL% DOCUMENT ID TECN COMMENT

<5.2x 1075 95 7L ACCIARRI 956G L3 ESE = 88-94 GeV
<5.5x 107° 95 ABREU 948 DLPH E&& = 88-94 GeV

<1.4 %104 95 AKRAWY 91F OPAL ES& = 88-94 GeV

"1 This limit is for both decay modes Z — 70 ’y/’yfy which are indistinguishable in ACCIA-
RRI 95G.

r(’Y'Y'Y)/rtotal /T

VALUE CL% DOCUMENT ID TECN COMMENT

<1.0x 10~5 95 T2ACCIARRI  95C L3 EEE = 88-94 GeV

<1.7x107° 95 72 ABREU 948 DLPH ES& = 88-94 GeV

<6.6 x 1072 95 AKRAWY 91F OPAL EE£§,= 88-94 GeV

72 imit derived in the context of composite Z model.

I (7% WF) [Total Mo/
The value is for the sum of the charge states indicated.

VALUE CL% DOCUMENT ID TECN  COMMENT

<7 x 1073 95 DECAMP 92 ALEP EE8 = 88-94 GeV

+

r(P W:F)/ Mtotal I-20/ r
The value is for the sum of the charge states indicated.

VALUE CL% DOCUMENT ID TECN COMMENT

<83 x 1075 95 DECAMP 92 ALEP ES§,= 88-94 GeV
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F(J/%(15)X) /Teotal F21/T

VALUE (units 1073) EVTS DOCUMENT ID TECN  COMMENT

3.51+8:%g OUR AVERAGE Error includes scale factor of 1.1.

3.21+0.21 7039 553  73ACCIARRI  9OOF L3  EES,= 88-94 GeV

3.9 £0.2 +0.3 511 4 ALEXANDER 968 OPAL EE&E,= 88-94 GeV
3.734+0.39+0.36 153 7> ABREU 94p DLPH ES& = 88-94 GeV

e o o We do not use the following data for averages, fits, limits, etc. e o @
3.404+0.2340.27 441 76 ACCIARRI 97) L3 Repl. by ACCIARRI 99F

73 ACCIARRI 99F combine pu 1~ and et e™ J/1¢(1S) decay channels. The branching ratio
for prompt J/1(1S) production is measured to be (2.1 +0.6 + 0.4t8‘;'(theor.)) x10~4.

74 ALEXANDER 968 identify J/1(15) from the decays into lepton pairs. (4.8 & 2.4)% of
this branching ratio is due to prompt J/4(1S) production (ALEXANDER 96N).

75 Combining ;ﬁ' u~ and et e~ channels and taking into account the common systematic
errors. (771’22)% of this branching ratio is due to prompt J/%(1S) production.

76 ACCIARRI 97J combine 1y~ and et e~ J/¢(1S) decay channels and take into ac-
count the common systematic error.

I (%(25)X) /Ttotal M2/l
VALUE (units 1073) EVTS DOCUMENT ID TECN COMMENT

1.60+0.29 OUR AVERAGE

1.6 £0.5 +0.3 39 ’TACCIARRI  97J L3 EEE,= 88-94 GeV

1.6 +0.3 +£0.2 46.9 T8 ALEXANDER 968 OPAL EES,= 88-94 GeV
1.60-£0.73+0.33 54 /9 ABREU 94p DLPH ES& = 88-94 GeV

77 ACCIARRI 97J measure this branching ratio via the decay channel ¢(25) — ¢t~ (¢
=pu, e).

78 ALEXANDER 96B measure this branching ratio via the decay channel P(2S) —
J/pm T, with J/op — 0T 0.

79 ABREU 94pP measure this branching ratio via decay channel ¢(25) — J/pr T, with
Jp— ptp.

r(Xcl(]-P) X)/rtotal Ma3/T
VALUE (units 1073) EVTS DOCUMENT ID TECN COMMENT

2.9+0.7 OUR AVERAGE

2.7+0.6+0.5 33  80ACCIARRI  97J L3 EEE,= 88-94 GeV
5.0+2.17 52 6.4 81 ABREU 94p DLPH EEE = 88-94 GeV

80 ACCIARRI 97J measure this branching ratio via the decay channel x.y — J/¥ + 7,
with J/i — €740~ (0 = p, e). The M(¢{t £~ 4)-M(¢F ¢7) mass difference spectrum
is fitted with two gaussian shapes for x .7 and x».

81 This branching ratio is measured via the decay channel x.; — J/¢ + ~, with J/¢ —

pt
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I (xc2(1P)X) /Ttotal M24/T
VALUE CL% DOCUMENT ID TECN COMMENT
<3.2x 103 90 82 ACCIARRI  97J L3 EEE,= 88-94 GeV

82 ACCIARRI 97 derive this limit via the decay channel xp — J/4 + =, with J/¢ —

0t~ (0= p, e). The M({T ¢~ +)-M(¢1 £7) mass difference spectrum is fitted with
two gaussian shapes for x .1 and x 5.

r( T(15) X+T(2S) X+ T(3S) X) /Ttotal Fa5/I = (M26+27+128)/T
VALUE (units 1074) EVTS DOCUMENT ID TECN COMMENT
1.040.4+0.22 6.4 B3 ALEXANDER 96F OPAL EES,= 88-94 GeV

83 ALEXANDER 96F identify the 7" (which refers to any of the three lowest bound states)

through its decay into et e and ,u"' p~ . The systematic error includes an uncertainty
of 0.2 due to the production mechanism.

F(7(15)X)/eotal F6/T
VALUE CL% DOCUMENT ID TECN  COMMENT

<4.4x 1075 95 84 ACCIARRI  99F L3 ESE,= 88-94 GeV

84 ACCIARRI 99F search for T(1S) through its decay into £ ¢~ (£ = e or p).
F(7(25)X)/Ttotal F27/T
VALUE CL% DOCUMENT ID TECN  COMMENT

<13.9 x 105 95 85 ACCIARRI  9O7R L3 ESE = 88-94 GeV

85 ACCIARRI 97R search for T(2S) through its decay into £T ¢~ (£ = e or p).
F(7(35)X)/Ttotal 28/l
VALUE CL% DOCUMENT ID TECN COMMENT

<9.4x10~5 95 86 ACCIARRI  O7R L3 EEE = 88-94 GeV

86 ACCIARRI 97R search for T(3S) through its decay into £T ¢~ (£ = e or p).
r((D°/D°) X) /I (hadrons) l29/T6
VALUE EVTS DOCUMENT ID TECN COMMENT
0.296+0.019+0.021 369 87 ABREU 931 DLPH E&& = 88-94 GeV

87 The (DO/EO) states in ABREU 93! are detected by the K7 decay mode. This is a
corrected result (see the erratum of ABREU 93I).

I (D%X)/r (hadrons) l30/T6
VALUE EVTS DOCUMENT ID TECN COMMENT
0.174+0.016+0.018 539 8 ABREU 931 DLPH E&& = 88-94 GeV

88 The DT states in ABREU 93 are detected by the K77 decay mode. This is a corrected
result (see the erratum of ABREU 93I).

I (D*(2010)*X) /T (hadrons) M31/T6
The value is for the sum of the charge states indicated.

VALUE EVTS DOCUMENT ID TECN COMMENT

0.1631+0.019 OUR AVERAGE Error includes scale factor of 1.3.

0.155+0.010+0.013 358 89 ABREU 931 DLPH ES& = 88-94 GeV

0.21 +0.04 362 90 DECAMP 91J ALEP ES8,—= 88-94 GeV
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89 D*(2010):t in ABREU 93! are reconstructed from DOxE with DO — K~ zt. The

new CLEO Il measurement of B(D*i — Dowi) = (68.1 & 1.6) % is used. This is a
corrected result (see the erratum of ABREU 931).

90 DECAMP 91J report B(D*(2010)T — DOx1T) B(DO — K~ 1) r(D*(2010)* X)
/ T(hadrons) = (5.11 £ 0.34) x 1073, They obtained the above number assuming
B(DO — K~ 71)=(3.62+0.344+0.44)% and B(D*(2010) T — DO7xt) = (55+4)%.
We have rescaled their original result of 0.26 + 0.05 taking into account the new CLEO
Il branching ratio B(D*(2010)t — DOxT) = (68.1 + 1.6)%.

I'(Ds1(2536)* X) /T (hadrons) 32/Te
D51(2536):t is an expected orbitally-excited state of the Ds meson.

VALUE (%) EVTS DOCUMENT ID TECN  COMMENT

0.52::0.09+0.06 92 91 HEISTER 028 ALEP ES = 88-94 GeV

91 HEISTER 028 reconstruct this meson in the decay modes D51(2536):t — D*t KO and

D51(2536)i — D*0OKk*E. The quoted branching ratio assumes that the decay width of
the D1 (2536) is saturated by the two measured decay modes.

I (Ds(2573)% X) /T (hadrons) l33/Te
DSJ(2573):t is an expected orbitally-excited state of the Ds meson.

VALUE (%) EVTS DOCUMENT ID TECN  COMMENT

0.83+0.20 7097 64 92HEISTER 028 ALEP EES,= 88-94 GeV

92 HEISTER 028 reconstruct this meson in the decay mode DS2(2573)j: — DOK=E. The
quoted branching ratio assumes that the detected decay mode represents 45% of the full
decay width.

I (D*(2629)* X) /I (hadrons) l34/T6
D*(2629)7 is a predicted radial excitation of the D*(2010)~ meson.

VALUE DOCUMENT ID TECN COMMENT

searched for 93 ABBIENDI ~ 0IN OPAL EEE,= 88-94 GeV

93 ABBIENDI OIN searched for the decay mode D*(2629)* — D*T 7zt~ with
p*t — DpOxt and DO — K—7T. They quote a 95% CL limit for Z —
D*(2629)F xB(D*/(2629)T — D*tatx~) < 3.1 x 1073.

r(B*X)/r (hadrons) Ms7/le
“OUR EVALUATION" is obtained using our current values for f(b — B7) and Ry =
(bb)/I(hadrons). We calculate (Bt X)/I(hadrons) = Ry, x f(b — BT).

VALUE DOCUMENT ID TECN COMMENT
0.0863:0.0022 OUR EVALUATION
0.0887-:0.0030 94 ABDALLAH 03k DLPH EE&, = 88-94 GeV

94 ABDALLAH 03K measure the production fraction of BT mesons in hadronic Z decays
f(BT) = (40.99 + 0.82 4+ 1.11)%. The value quoted here is obtained multiplying this
production fraction by our value of R, = I'(bb)/I(hadrons).
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I (BYX)/r (hadrons) M38/Te
“OUR EVALUATION" is obtained using our current values for f(b — Bg) and Ry =
F(bb)/T(hadrons). We calculate F(Bg)/r(hadrons) =Ry x f(b — Bg)

VALUE DOCUMENT ID TECN COMMENT
0.0221+0.0019 OUR EVALUATION

seen 95 ABREU 92M DLPH ESE,= 88-94 GeV
seen 96 ACTON 92N OPAL ESE = 88-94 GeV
seen 97 BUSKULIC ~ 92E ALEP EE& = 88-94 GeV

95 ABREU 92M reported value is (B9 X)+B(BY — Dg pv,, X) *B(Dg — )/ (hadrons)
= (18 £ 8) x 107°.

96 ACTON 92N find evidence for B(s) production using Dg-£ correlations, with D:‘ — ¢7r+
and K*(892) Kt. Assuming Ry, from the Standard Model and averaging over the e and
w channels, authors measure the product branching fraction to be b — BS)XB(BS —
D Ty X)xB(Dy — ¢m) = (3.9 + 1.1+ 0.8) x 1074,

97 BUSKULIC 92E find evidence for Bg production using Dc-{ correlations, with D:_ —
¢ and K*(892) KT. Using B(D:— — ¢7t) = (2.7 £ 0.7)% and summing up the
e and p channels, the weighted average product branching fraction is measured to be
B(b — BY)xB(BY — D_ ¢t u,X) = 0040 £ 0.011 7§01

—0.012°
I (B¥ X)/r (hadrons) M30/T6
VALUE DOCUMENT ID TECN COMMENT

searched for 98 ACKERSTAFF 980 OPAL EEE,= 88-94 GeV
searched for 99 ABREU 97E DLPH ES,= 88-94 GeV
searched for 100 BARATE 97H ALEP ES8 = 88-94 GeV

98 ACKERSTAFF 980 searched for the decay modes B. — J/wﬂ'_", J/wai‘_, and

J/pet vy, with J/¢ — 0107, £ = e,u. The number of candidates (background) for
the three decay modes is 2 (0.63 + 0.2), 0 (1.10 4+ 0.22), and 1 (0.82 £ 0.19) respectively.

Interpreting the 2 B, — J/ipmt candidates as signal, they report F(B;'_ X)xB(B, —
J/wﬂ"")/r(hadrons) :(3.81_3'2 +0.5) x 107°. Interpreted as background, the 90% CL
bounds are (B X)+B(B. — J/4¢nT)/I (hadrons) < 1.06 x 10~4, T(BL X)+B(B, —
J/waf)/r(hadrons) < 5.29 x 1074, r(BjX)*B(BC —  J/pet vp)/T (hadrons) <

6.96 x 107°.
99 ABREU 97E searched for the decay modes B, — J/¢nt, J/i0 vy, and J/4(3m)T,

with J/1 — £ 07, £ = e,ju. The number of candidates (background) for the three decay
modes is 1 (1.7), 0(0.3), and 1 (2.3) respectively. They report the following 90% CL lim-

its: [(BF X)+B(B, — J/¢nT)/T(hadrons) <(1.05-0.84) x 10~4, (B X)+B(B, —

J/Lvy)/T (hadrons) <(5.8-5.0) x 109, F(BjX)*B(BC — J/¢(3n) 1)/ (hadrons)

< 1.75 x 104, where the ranges are due to the predicted B, lifetime (0.4-1.4) ps.
100 BARATE 97H searched for the decay modes B, — J/¢nt and J/¢et v, with

J/ — et 4= e,ir. The number of candidates (background) for the two de-
cay modes is 0(0.44) and 2(0.81) respectively. They report the following 90% CL

limits: F(B X)+B(B, — J/yx 1)/ (hadrons) < 3.6 x 1075 and [(B X)B(B, —
J/9 €T vy)/T(hadrons) < 5.2 x 1072,
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r(8*X)/[r(BX) +r(B*X)] M36/(Tas5+36)
As the experiments assume different values of the b-baryon contribution, our average
should be taken with caution. If we assume a common baryon production fraction of
(11.8 + 2.0)% as given in the 2002 edition of this Review OUR AVERAGE becomes

0.75 + 0.04.
VALUE EVTS DOCUMENT ID TECN COMMENT

0.75 +0.04 OUR AVERAGE

0.760+0.036+0.083 101 ACKERSTAFF 97M OPAL ES8 = 88-94 GeV
0.77140.026 +0.070 102 BUSKULIC ~ 96D ALEP ESS,= 88-94 GeV
0.72 +0.03 +0.06 103 ABREU 95R DLPH E&& = 88-94 GeV

0.76 +0.08 +0.06 1378 104 ACCIARRI 958 L3 EEE, = 88-94 GeV

1OlACKERSTAFF 97M use an inclusive B reconstruction method and assume a (13.2 +
4.1)% b-baryon contribution. The value refers to a b-flavored meson mixture of Bu, Bd,
and B..

s

102 BYSKULIC 96D use an inclusive reconstruction of B hadrons and assume a (12.2 +
4.3)% b-baryon contribution. The value refers to a b-flavored mixture of B,,, By, and

103 ABREU 95R use an inclusive B-reconstruction method and assume a (10 £ 4)% b-baryon
contribution. The value refers to a b-flavored meson mixture of B,,, By, and Bg.

104 ACCIARRI 958 assume a 9.4% b-baryon contribution. The value refers to a b-flavored
mixture of B, By, and Bg.

I (AF X) /T (hadrons) la0/T6
VALUE DOCUMENT ID TECN COMMENT

0.022:0.005 OUR AVERAGE

0.024+0.005 +0.006 105 ALEXANDER 96rR OPAL EE&,= 88-94 GeV

0.02140.003+0.005 106 BUSKULIC ~ 96Y ALEP ESE, = 88-94 GeV

105 ALEXANDER 96R measure R, x f(b — AT X) x B(AT — pK~nt) = (0122 +
0.023 £ 0.010)% in hadronic Z decays; the value quoted here is obtained using our best

value B(/\? — pK~xT) = (5.041.3)%. The first error is the total experiment's error
and the second error is the systematic error due to the branching fraction uncertainty.
106 BUSKULIC 96Y obtain the production fraction of /\;_'_ baryons in hadronic Z decays

f(b — AT X) =0.110 £ 0.014 = 0.006 using B(AT — pK~ 7 F) = (4.4 £ 0.6)%; we
have rescaled using our best value B(/\? — pK~xt) = (5.0 + 1.3)% obtaining f(b —

/\z_ X) = 0.097 £ 0.013 £ 0.025 where the first error is their total experiment's error

and the second error is the systematic error due to the branching fraction uncertainty.
The value quoted here is obtained multiplying this production fraction by our value of
Ry = I(bb)/T(hadrons).

I (b-baryon X) /T (hadrons) F41/T6
“"OUR EVALUATION" is obtained using our current values for f(b — b-baryon) and
R, = T(bb)/I(hadrons). We calculate I'(b-baryon X)/I(hadrons) = Ry x f(b —

b-baryon).
VALUE DOCUMENT ID TECN COMMENT
0.0216+0.0037 OUR EVALUATION
0.0221-+0.00150.0058 107 BARATE 98v ALEP ESE,= 88-94 GeV
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107 BARATE 98V use the overall number of identified protons in b-hadron decays to measure
f(b — b-baryon) = 0.102 £+ 0.007 £ 0.027. They assume BR(b-baryon— pX) =

(58 £ 6)% and BR(BS — pX) = (8.0 £ 4.0)%. The value quoted here is obtained
multiplying this production fraction by our value of R, = I'(bb)/I'(hadrons).

I (anomalous «y+ hadrons) /Tiotal F42/T
Limits on additional sources of prompt photons beyond expectations for final-state
bremsstrahlung.

VALUE CL% DOCUMENT ID TECN  COMMENT

<3.2x10~3 95 108 AKRAWY 90J OPAL EEE = 88-94 GeV

108 AKRAWY 90J report MyX) < 8.2 MeV at 95%CL. They assume a three-body vqq
distribution and use E(y) > 10 GeV.

(et e™v)/Ttotal Fa3/T
VALUE CL% DOCUMENT ID TECN COMMENT
<5.2x10~4 95 109 AcTON 91B OPAL EE8 = 91.2 GeV

109 ACTON 918 looked for isolated photons with E>2% of beam energy (> 0.9 GeV).

M(ut =) /Teotal Faa/T
VALUE CL% DOCUMENT ID TECN COMMENT
<5.6 x 104 95 110 AcTON 91B OPAL EE8 = 91.2 GeV

110 ACTON 918 looked for isolated photons with E>2% of beam energy (> 0.9 GeV).

M7+ 77 7) /Tiotal Fas/T
VALUE CL% DOCUMENT ID TECN COMMENT
<7.3x10~4 95 11l AcTON 91B OPAL EE8 = 91.2 GeV

111 ACTON 918 looked for isolated photons with £>2% of beam energy (> 0.9 GeV).

F(€* € v7)/Tiotal las/T

The value is the sum over £ = e, u, 7.

VALUE CL% DOCUMENT ID TECN COMMENT
<6.8 x 106 95 112 aAcTON 93E OPAL EEE = 88-94 GeV
112 _
For Moy = 60 £ 5 GeV.
r(Q?'Y'Y)/rtotal Faz7/T
VALUE CL% DOCUMENT ID TECN COMMENT
<5.5 x10~0 95 13 ACTON 93E OPAL EES = 88-94 GeV
113 _
For Moy = 60 + 5 GeV.
r(Vﬁ'Y'Y)/rtotal lag/T
VALUE CL% DOCUMENT ID TECN COMMENT
<3.1x10~6 95 114 AcTON 93E OPAL EEE = 88-94 GeV
114 _
For Moy = 60 + 5 GeV.
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M(etu¥)/T(ete)

states indicated.

Fa9/T1
Test of lepton family number conservation. The value is for the sum of the charge
VALUE CL% DOCUMENT ID TECN COMMENT
<0.07 90 ALBAJAR 80 UA1  EPP— 546,630 GeVv
+
r(e IJ':F)/rtotaI

la9/T

Test of lepton family number conservation. The value is for the sum of the charge

states indicated.

VALUE CL% DOCUMENT ID TECN COMMENT

<2.5x 1070 95 ABREU 97C DLPH E&&,= 88-94 GeV

<1.7 x 106 95 AKERS 95W OPAL EEE,= 88-94 GeV

<0.6 x 1075 95 ADRIANI 931 L3 ESE,= 88-94 GeV

<2.6 x 1075 95 DECAMP 92 ALEP EE8 = 88-94 GeV
r(“-’i T:F)/ Mtotal so/T

Test of lepton family number conservation.

states indicated.

The value is

for the sum of the charge

VALUE CL% DOCUMENT ID TECN COMMENT

<22 x107° 95 ABREU 97C DLPH ES8 = 88-94 GeV

<9.8 x 106 95 AKERS 95W OPAL EEE,= 88-94 GeV
<1.3x 1072 95 ADRIANI 931 L3 ESE,= 88-94 GeV

<1.2 x 1074 95 DECAMP 92 ALEP EE8 = 88-94 GeV

M (6 7F) /Miotal Ms1/T

Test of lepton family number conservation.

states indicated.

The value is

for the sum of the charge

VALUE CL% DOCUMENT ID TECN  COMMENT

<1.2x 1075 95 ABREU 97C DLPH EE8 = 88-94 GeV

<1.7x107° 95 AKERS 95w OPAL ESE = 88-94 GeV

<1.9x107° 95 ADRIANI 931 L3 EES,= 88-94 GeV

<1.0x10~% 95 DECAMP 92 ALEP EE£§,= 88-94 GeV

I-(P e)/ Mtotal Ms2/T
Test of baryon number and lepton number conservations. Charge conjugate states are
implied.

VALUE CL% DOCUMENT ID TECN  COMMENT

<1.8x 106 o5 115 ABBIENDI 991 OPAL EE&,= 88-94 GeV

115 ABBIENDI 991 give the 95%CL limit on the partial width I'(Z0 — pe)< 4.6 KeV and
we have transformed it into a branching ratio.

r(P I"')/ Mtotal Ms3/l
Test of baryon number and lepton number conservations. Charge conjugate states are
implied.

VALUE CL% DOCUMENT ID TECN COMMENT

<1.8 x 106 o5 116 ABBIENDI 991 OPAL EEE = 88-94 GeV

116 ABBIENDI 991 give the 95%CL limit on the partial width [(Z9 — pu)< 4.4 KeV and
we have transformed it into a branching ratio.
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B-HADRON FRACTIONS IN HADRONIC Z DECAY

The production fractions for b-hadrons in hadronic Z decays have been
calculated from the best values of mean lives, mixing parameters and
branching fractions in this edition by the Heavy Flavor Averaging Group
(HFAG) (see http://www.slac.stanford.edu/xorg/hfag/).
The values reported below assume:

f(b — B1T)=1f(b— BO)

f(b — BT)+f(b— BY) +f(b— BY) + f(b — b-baryon) =1
The values are:

f(b — B1)=f(b— BY)=0.399 + 0.010

f(b — BY) = 0.102 + 0.009

f(b — b-baryon) = 0.100 £+ 0.017
as obtained using a time-integrated mixing parameter Y = 0.1259 4 0.0042
given by a fit to heavy quark quantities with asymmetries removed (see
the note “The Z boson”).

AVERAGE PARTICLE MULTIPLICITIES IN HADRONIC Z DECAY

Summed over particle and antiparticle, when appropriate.

For topical interest the 95% CL limits on production rates, N, of
pentaquarks per Z decay from a search by the ALEPH collaboration
(SCHAEL 04) are given below. (See also the baryons section).

+ 0 —4
No(15a0)+ X B(O(1540)T — pK3) < 6.2 10

No(1860)——
N(1860)0 % B((1860)° — =~=T) < 89x 107

x B(®(1860)"~ — = r ) < 45x 1074

No,(3100) X B(Ec(3100) — D*~p) < 63 x 107"
No,(3100) X B(©(3100) — D~ p) < 31 x107*

(Ny)

VALUE DOCUMENT ID TECN COMMENT
20.974+0.02+1.15 ACKERSTAFF 98A OPAL E(e:r%: 91.2 GeV
(N,+)

VALUE DOCUMENT ID TECN COMMENT

17.03 +0.16 OUR AVERAGE

17.007+0.209 ABE 04cC SLD E(e:ren = 01.2 GeV
17.26 +£0.10 4+0.88 ABREU o8L DLPH Egﬁal: 91.2 GeV
17.04 +0.31 BARATE 98v ALEP ESS,= 91.2 GeV
17.05 +0.43 AKERS 94p OPAL EES,= 91.2 GeV
(Nyo)

VALUE DOCUMENT ID TECN COMMENT
9.76+0.26 OUR AVERAGE

9.55+0.06£0.75 ACKERSTAFF 98A OPAL Egﬁa,: 91.2 GeV
9.63+0.13+0.63 BARATE 97J) ALEP E(e:r%: 91.2 GeV
9.9040.0240.33 ACCIARRI 96 L3 Egﬁal: 91.2 GeV
9.2 +£0.2 +1.0 ADAM 96 DLPH E(e:,%: 91.2 GeV
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VALUE DOCUMENT ID TECN COMMENT

1.011+0.08 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below.
1.20+0.04+0.11 HEISTER 02C ALEP ES§,= 91.2 GeV
0.97+0.03+£0.11 ACKERSTAFF 98A OPAL EE§,= 91.2 GeV
0.934+0.01+0.09 ACCIARRI 96 L3 EES,= 91.2 GeV

WEIGHTED AVERAGE
1.01+0.08 (Error scaled by 1.3)

|

2

X

‘‘‘‘ HEISTER 02C ALEP 25

—t ACKERSTAFF 98A OPAL 0.2
—t— N ACCIARRI 96 L3 0.9
3.5

(Confidence Level =0.171)
| | | | | J

0.6 0.8 1 1.2 1.4 1.6 1.8

(N,+)

VALUE DOCUMENT ID TECN COMMENT
2.401+0.061+0.43 ACKERSTAFF 98A OPAL Egﬁ«,: 91.2 GeV
(Nyp)

VALUE DOCUMENT ID TECN COMMENT
1.24+0.10 OUR AVERAGE Error includes scale factor of 1.1.

1.194+0.10 ABREU 99) DLPH EE&§,= 91.2 GeV
1.45+0.064+0.20 BUSKULIC 96H ALEP Egﬁ«,: 91.2 GeV
(Ne)

VALUE DOCUMENT ID TECN COMMENT
1.024-0.06 OUR AVERAGE

1.004+0.03+0.06 HEISTER 02C ALEP Egﬁa,: 91.2 GeV
1.04+0.04+0.14 ACKERSTAFF 98A OPAL Egﬁ]: 91.2 GeV
1.17+0.094+0.15 ACCIARRI 97D L3 Egﬁ«,: 91.2 GeV
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(Ny)

VALUE DOCUMENT ID TECN COMMENT

0.17 £0.05 OUR AVERAGE Error includes scale factor of 2.4.

0.14 +£0.01 £0.02 ACKERSTAFF 98A OPAL EE§,= 91.2 GeV
0.25 +0.04 117 ACCIARRI 97D L3 EES,= 91.2 GeV
e o o We do not use the following data for averages, fits, limits, etc. ® o @
0.068+0.01840.016 18 BUSKULIC ~ 92D ALEP  EE§,= 91.2 GeV

117 ACCIARRI 97D obtain this value averaging over the two decay channels n/ — 7+t 77 n

and / — po'y.

118 BUSKULIC 92D obtain this value for x> 0.1.

(N, (980))

VALUE DOCUMENT ID TECN COMMENT
0.147+0.011 OUR AVERAGE

0.164+0.021 ABREU 99) DLPH EE&§,= 91.2 GeV
0.141+0.007+0.011 ACKERSTAFF 98Q OPAL EE§,= 91.2 GeV
(N, (980)%)

VALUE DOCUMENT ID TECN COMMENT
0.27+0.04+0.10 ACKERSTAFF 98A OPAL E£§,= 91.2 GeV
(Ng)

VALUE DOCUMENT ID TECN COMMENT
0.098+0.006 OUR AVERAGE Error includes scale factor of 2.0. See the ideogram below.
0.105+0.008 ABE 99E SLD EE8,= 91.2 GeV
0.091+0.002+0.003 ACKERSTAFF 98Q OPAL EE§,= 91.2 GeV
0.104+0.003+0.007 ABREU 96U DLPH EE£§,= 91.2 GeV
0.122+0.004£+0.008 BUSKULIC 96H ALEP Egﬁ«,: 91.2 GeV
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WEIGHTED AVERAGE
0.098+0.006 (Error scaled by 2.0)

¢

2

.
ABE 99E SLD 0.8
ACKERSTAFF 98Q OPAL 3.5
ABREU 96U DLPH 0.7
BUSKULIC 96H ALEP _ 7.3
12.4

(Confidence Level = 0.006)
| J

0.08 0.1 0.12 0.14 0.16 0.18
(M)

(Ng,(1270))

VALUE DOCUMENT ID TECN COMMENT

0.169+0.025 OUR AVERAGE Error includes scale factor of 1.4.

0.21440.038 ABREU 99) DLPH E&& = 91.2 GeV

0.15540.011+0.018 ACKERSTAFF 98Q OPAL ES§,= 91.2 GeV

(Ng, (1285))

VALUE DOCUMENT ID TECN COMMENT

0.165+0.051 119 ABDALLAH 031 DLPH ES,= 91.2 GeV

119 ABDALLAH 03H assume a K K branching ratio of (9.0 + 0.4)%.

(Ng,(1420))

VALUE DOCUMENT ID TECN COMMENT

0.056:0.012 120 ABDALLAH 031 DLPH ES§,= 91.2 GeV

120 ABDALLAH 03H assume a K K branching ratio of 100%.

(Ngs (1525))

VALUE DOCUMENT ID TECN COMMENT

0.012+0.006 ABREU 99) DLPH ES&,= 91.2 GeV
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(Ni=)
VALUE DOCUMENT ID TECN COMMENT
2.24 1+0.04 OUR AVERAGE
2.203+0.071 ABE 04c SLD Egﬁa, = 91.2 GeV
2.21 +£0.05 £0.05 ABREU 98L DLPH EE&§,= 91.2 GeV
2.26 +0.12 BARATE 98v ALEP EE§,= 91.2 GeV
2.42 +0.13 AKERS 94P OPAL ES§,= 91.2 GeV
(Nio)
VALUE DOCUMENT ID TECN COMMENT
2.039+0.025 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below.
2.093+0.004 +0.029 BARATE 000 ALEP Egﬁa,: 91.2 GeV
2.01 +0.08 ABE 99 SLD  ES§,= 91.2 GeV
2.024+0.006+0.042 ACCIARRI 97L L3 Egﬁa,: 91.2 GeV
1.96240.022+0.056 ABREU 95L DLPH EE&§,= 91.2 GeV
1.99 +0.01 +0.04 AKERS 95U OPAL Egﬁa,: 91.2 GeV
WEIGHTED AVERAGE
2.039+0.025 (Error scaled by 1.3)
2
X
-+ - BARATE 000 ALEP 34
----- ABE 99E SLD 0.1
------ ACCIARRI 97L L3 0.1
~~~~~~ - ABREU 95L DLPH 1.6
--------- AKERS 95U OPAL 14
6.7

(Confidence Level = 0.152)
J

()

(Nk+(s92):)

VALUE

21

DOCUMENT ID

2.2 2.3

TECN  COMMENT

0.72 +0.05 OUR AVERAGE
0.7124+0.031+0.059
0.72 £0.02 £0.08
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(Nk+(892)0)

VALUE DOCUMENT ID TECN COMMENT
0.739+0.022 OUR AVERAGE

0.70740.041 ABE 99E SLD Egﬁ«,: 91.2 GeV
0.74 +£0.02 +0.02 ACKERSTAFF 075 OPAL EE8,— 91.2 GeV
0.77 +£0.02 +0.07 ABREU 96U DLPH Egﬁ«,: 91.2 GeV
0.83 +£0.01 +0.00 BUSKULIC ~ 96H ALEP ESE — 91.2 GeV
0.97 +0.18 +£0.31 ABREU 93 DLPH Egﬁ«,: 91.2 GeV

(Nks(1430))

VALUE DOCUMENT ID TECN COMMENT
0.073+0.023 ABREU 99) DLPH EE&,= 91.2 GeV
e o o We do not use the following data for averages, fits, limits, etc. o o @

0.19 +0.04 +0.06 121 AKERS 95x OPAL ES&,= 91.2 GeV
121 AKERS 95x obtain this value for x< 0.3.

(Np=)

VALUE DOCUMENT ID TECN COMMENT
0.187+0.020 OUR AVERAGE Error includes scale factor of 1.5. See the ideogram below.
0.170+£0.009+0.014 ALEXANDER 96R OPAL Egﬁa,: 91.2 GeV
0.251+0.026 +0.025 BUSKULIC 94) ALEP EES§,= 91.2 GeV
0.199+0.019+0.024 122 ABREU 931 DLPH ES&,= 91.2 GeV

122 5ee ABREU 95 (erratum).

WEIGHTED AVERAGE
0.187+0.020 (Error scaled by 1.5)

2
X
— N ALEXANDER 96R OPAL 1.1
.- -BUSKULIC  94J ALEP 3.1
— N\ ABREU 931 DLPH _ 0.2

4.3
(Confidence Level = 0.114)
| | | | J

0.1 0.15 0.2 0.25 0.3 0.35 0.4
(Nps)
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(Npw)

VALUE DOCUMENT ID TECN COMMENT
0.462+0.026 OUR AVERAGE

0.46540.017 +£0.027 ALEXANDER 96R OPAL ES§ = 91.2 GeV
0.518+0.052£0.035 BUSKULIC ~ 94) ALEP EE&&,= 91.2 GeV
0.403+0.038 +0.044 123 ABREU 931 DLPH ES& = 91.2 GeV
123 5ee ABREU 95 (erratum).

(Npit>

VALUE DOCUMENT ID TECN COMMENT
0.131+0.010+0.018 ALEXANDER 96R OPAL ES§ = 91.2 GeV
(Np+(2010)%)

VALUE DOCUMENT ID TECN COMMENT

0.183 +0.008 OUR AVERAGE

0.185440.0041 +0.0091 124 A\CKERSTAFF 98E OPAL ES§,= 91.2 GeV
0.187 +0.015 +0.013 BUSKULIC ~ 94) ALEP EE&&,= 91.2 GeV
0.171 +0.012 +0.016 125 ABREU 931 DLPH ES&,= 91.2 GeV

124 ACKERSTAFF 98E systematic error includes an uncertainty of +0.0069 due to the

branching ratios B(D*T — D97 T) = 0.68340.014 and B(D9 — K~ 7)) =0.0383 +
0.0012.
1255ee ABREU 95 (erratum).

(Np,, (2536)+)
VALUE (units 1073) DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. ® o @
29107 +0.2 126 ACKERSTAFF 97WOPAL EEE,= 91.2 GeV

126 ACKERSTAFF 97W obtain this value for x> 0.6 and with the assumption that its decay
width is saturated by the D* K final states.

(Ng-)

VALUE DOCUMENT ID TECN COMMENT
0.28+0.01 +0.03 127 ABREU 95R DLPH ES&,= 91.2 GeV
127 ABREU 95R quote this value for a flavor-averaged excited state.

(Ny/ps))

VALUE DOCUMENT ID TECN COMMENT
0.0056 +0.0003 - 0.0004 128 ALEXANDER 968 OPAL ES§,= 91.2 GeV
128 ALEXANDER 968 identify J/4(1S) from the decays into lepton pairs.
(Ny(2s))

VALUE DOCUMENT ID TECN COMMENT
0.0023+0.0004 +0.0003 ALEXANDER 968 OPAL EE§,= 91.2 GeV
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DOCUMENT ID

TECN  COMMENT

1.046+0.026 OUR AVERAGE

1.054+£0.035

1.08 +0.04 +0.03

1.00 £0.07
0.92 £0.11

(Na(232)++)
VALUE

ABE
ABREU
BARATE
AKERS

DOCUMENT ID

04c SLD

EEE, = 91.2 GeV

98L DLPH EE8 = 91.2 GeV
98V ALEP EE = 91.2 GeV
94p OPAL EE8 = 91.2 GeV

TECN  COMMENT

0.087+0.033 OUR AVERAGE Error includes scale factor of 2.4.
95WDLPH EES,= 91.2 GeV
ALEXANDER 95D OPAL E(e:ren: 91.2 GeV

0.079+0.009+0.011
0.22 +0.04 +0.04

(Na)

VALUE

ABREU

DOCUMENT ID

TECN  COMMENT

0.388+0.009 OUR AVERAGE Error includes scale factor of 1.7. See the ideogram below.

0.404+0.002+0.007

0.395+0.022

0.364+0.004+0.017
0.3744+0.0024+0.010
0.357+0.003+0.017

BARATE 000 ALEP EE,= 91.2 GeV
ABE 99E SLD  EE,= 91.2 GeV
ACCIARRI 97 L3 EEE = 91.2 GeV
ALEXANDER 97D OPAL E&8 = 91.2 GeV
ABREU 93L DLPH EE&,= 91.2 GeV

WEIGHTED AVERAGE
0.388+0.009 (Error scaled by 1.7)

2

.
BARATE 000 ALEP 438
ABE 99E SLD 0.1
ACCIARRI 97L L3 1.9

ALEXANDER 97D OPAL 1.9

ABREU

93L DLPH _ 3.2
11.9
(Confidence Level = 0.018)
J
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(Na(1520))

VALUE DOCUMENT ID TECN COMMENT
0.0224+0.0027 OUR AVERAGE

0.029 +0.005 +0.005 ABREU 00p DLPH ES& = 91.2 GeV
0.0213£0.0021 +0.0019 ALEXANDER 97D OPAL E&& = 91.2 GeV
(Ng+)

VALUE DOCUMENT ID TECN COMMENT
0.107+0.010 OUR AVERAGE

0.114+40.011+0.009 ACCIARRI  00J L3 EEE,= 91.2 GeV
0.099-+0.008:0.013 ALEXANDER O7E OPAL E& = 91.2 GeV
(Ng-)

VALUE DOCUMENT ID TECN COMMENT
0.082:0.007 OUR AVERAGE

0.081£0.002£0.010 ABREU 00p DLPH EES,= 91.2 GeV
0.0830.006 - 0.009 ALEXANDER 97E OPAL ES§,= 91.2 GeV
(Ng+ix-)

VALUE DOCUMENT ID TECN COMMENT
0.181+0.018 OUR AVERAGE

0.182+0.010+0.016 129 ALEXANDER 97E OPAL ES§,= 91.2 GeV
0.170£0.014+0.061 ABREU 950 DLPH E&&,= 91.2 GeV

129\We have combined the values of (Ny- ) and (Nys_) from ALEXANDER 97E adding
the statistical and systematic errors of the two final states separately in quadrature. If

isospin symmetry is assumed this value becomes 0.174 + 0.010 + 0.015.

(Nygo)

VALUE DOCUMENT ID TECN _ COMMENT
0.076+0.010 OUR AVERAGE

0.0954+0.015+0.013 ACCIARRI 00J L3 EES,= 91.2 GeV
0.0714+0.0124+0.013 ALEXANDER 97 OPAL EE£§,= 91.2 GeV
0.070£0.010+£0.010 ADAM 968 DLPH EE&§,= 91.2 GeV
(N(£++z-+£°)/3>

VALUE DOCUMENT ID TECN _ COMMENT
0.084+0.0051-0.008 ALEXANDER 97E OPAL EE£§,= 91.2 GeV
(Ng(1385)+)

VALUE DOCUMENT ID TECN_ COMMENT
0.0239--0.0009-10.0012 ALEXANDER 97D OPAL EE£§,= 91.2 GeV
(Nx(1385)-)

VALUE DOCUMENT ID TECN _ COMMENT
0.0240+0.0010+0.0014 ALEXANDER 97D OPAL EE£§,= 91.2 GeV
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(N5 (1385)++x(1385)-)

VALUE DOCUMENT ID TECN COMMENT

0.046 +0.004 OUR AVERAGE Error includes scale factor of 1.6.
0.0479+0.0013+0.0026 ALEXANDER 97D OPAL Egﬁa,: 91.2 GeV
0.0382+0.0028 +£0.0045 ABREU 950 DLPH EE£§,= 91.2 GeV
(=)

VALUE DOCUMENT ID TECN COMMENT
0.0258+0.0009 OUR AVERAGE

0.0259+0.0004 +0.0009 ALEXANDER 97D OPAL EE£§,= 91.2 GeV
0.025040.0009 +£0.0021 ABREU 950 DLPH Egﬁ«,: 91.2 GeV
<N5(1530)°>

VALUE DOCUMENT ID TECN COMMENT
0.0053+0.0013 OUR AVERAGE Error includes scale factor of 3.2,
0.0068+0.0005+0.0004 ALEXANDER 97D OPAL EE£§,= 91.2 GeV
0.00410.0004 0.0004 ABREU 950 DLPH EE&,= 91.2 GeV
(N )

VALUE DOCUMENT ID TECN COMMENT
0.00164+0.00028 OUR AVERAGE

0.0018 +0.0003 +0.0002 ALEXANDER 97D OPAL Egﬁa,: 91.2 GeV
0.0014 +0.0002 +0.0004 ADAM 968 DLPH EE£§,= 91.2 GeV
(N/\j>

VALUE DOCUMENT ID TECN COMMENT
0.078+0.012+0.012 ALEXANDER 96R OPAL EE£§,= 91.2 GeV
(Ncharged}

VALUE DOCUMENT ID TECN COMMENT
20.76+£0.16 OUR AVERAGE Error includes scale factor of 2.1. See the ideogram below.
20.46+0.01+0.11 ACHARD 03G L3 Egﬁa, = 91.2 GeV
21.21+0.014+0.20 ABREU 99 DLPH E&§= 91.2 GeV
21.05-+0.20 AKERS 95z OPAL EEE = 91.2 GeV
20.91+0.03+£0.22 BUSKULIC 95R ALEP EE£§,= 91.2 GeV
21.40+0.43 ACTON 928 OPAL EEE = 91.2 GeV
20.71+£0.044+0.77 ABREU 91H DLPH EE£§,= 91.2 GeV
20.7 £0.7 ADEVA ol L3 EES= 91.2 GeV
20.1 £1.0 £0.9 ABRAMS 90 MRK2 EE&§,= 91.1 GeV
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WEIGHTED AVERAGE
20.76+0.16 (Error scaled by 2.1)

2
X

ACHARD 03G L3 7.3
ABREU 99 DLPH 5.1
AKERS 95Z OPAL 2.1
BUSKULIC 95R ALEP 0.5
ACTON 92B OPAL 2.2
ABREU 91H DLPH 0.0
ADEVA 91l L3 0.0
ABRAMS 90 MRK2 _ 0.2
17.5

(Confidence Level = 0.015)
| J

19 20 21 22 23 24

< N charged >

Z HADRONIC POLE CROSS SECTION

OUR FIT is obtained using the fit procedure and correlations as determined
by the LEP Electroweak Working Group (see the “Note on the Z boson").
This quantity is defined as

127 [(e'e™) [(hadrons)
2 2
MZ rZ

0 _
oh =

It is one of the parameters used in the Z lineshape fit.

VALUE (nb) EVTS DOCUMENT ID TECN COMMENT
41.54140.037 OUR FIT

41.501+0.055 4.10M 130 ABBIENDI  01A OPAL EEE,= 88-94 GeV
41.578+0.069 3.70M ABREU 00F DLPH ES& = 88-94 GeV
41.535+0.055 3.54M ACCIARRI  00C L3 EEE, = 88-94 GeV
41.559+0.058 4.07M 131 BARATE 00C ALEP ES = 88-94 GeV

e o o We do not use the following data for averages, fits, limits, etc. ® o o

42 +4 450 ABRAMS 898 MRK2 ESE = 89.2-93.0 GeV

130 ABBIENDI 01A error includes approximately 0.031 due to statistics, 0.033 due to event
selection systematics, 0.029 due to uncertainty in luminosity measurement, and 0.011
due to LEP energy uncertainty.

131 BARATE 00C error includes approximately 0.030 due to statistics, 0.026 due to experi-
mental systematics, and 0.025 due to uncertainty in luminosity measurement.
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Z VECTOR COUPLINGS TO CHARGED LEPTONS

These quantities are the effective vector couplings of the Z to charged
leptons. Their magnitude is derived from a measurement of the Z line-
shape and the forward-backward lepton asymmetries as a function of en-
ergy around the Z mass. The relative sign among the vector to axial-vector
couplings is obtained from a measurement of the Z asymmetry parame-
ters, Ag, A,u' and A_. By convention the sign of gi\ is fixed to be negative

(and opposite to that of g¥e obtained using Ve Scattering measurements).
The fit values quoted below correspond to global nine- or five-parameter
fits to lineshape, lepton forward-backward asymmetry, and Ae, A , and
A_ measurements. See “Note on the Z boson” for details. Where pp
data is quoted, OUR FIT value corresponds to a weighted average of this
with the LEP/SLD fit result.

47

VALUE EVTS DOCUMENT ID TECN COMMENT
—0.038170.00047 OUR FIT

—0.058 +0.016 =+0.007 5026 132 ACOSTA 05M CDF  EPP — 1.96 Tev
—0.0346 +0.0023 137.0k 133 ABBIENDI 010 OPAL EEE,= 88-94 GeV
—0.0412 40.0027 124.4k 134 ACCIARRI  00C L3 EEE,= 88-94 GeV
—0.0400 =+0.0037 BARATE 00C ALEP EEE = 88-94 GeV
—0.0414 40.0020 135 ABE 95) SLD  ES&,= 91.31 GeV

132 ACOSTA 05M determine the forward—backward asymmetry of et e™ pairs produced via
qg— Z/v* — ete in15 M(e+ e~ ) effective mass bins ranging from 40 GeV to 600
GeV. These results are used to obtain the vector and axial-vector couplings of the Z to
ete, assuming the quark couplings are as predicted by the standard model.

133 ABBIENDI 010 use their measurement of the 7 polarization in addition to the lineshape
and forward-backward lepton asymmetries.

134 ACCIARRI 00C use their measurement of the T polarization in addition to forward-
backward lepton asymmetries.

135 ABE 95, obtain this result combining polarized Bhabha results with the A; p measure-
ment of ABE 94C. The Bhabha results alone give —0.0507 4+ 0.0096 + 0.0020.

h
Ev

VALUE EVTS DOCUMENT ID TECN COMMENT
—0.0367+0.0023 OUR FIT

—0.0388 93000 182.8K 136 ABBIENDI ~ 010 OPAL EES,= 88-94 GeV
—0.038640.0073 113.4k 137 ACCIARRI  o00C L3 EEE,= 88-94 GeV
—0.0362+0.0061 BARATE 00C ALEP ESS,= 88-94 GeV
e o o We do not use the following data for averages, fits, limits, etc. ® o o
—0.0413+0.0060 66143 138 ABBIENDI 01k OPAL EEE,= 89-93 GeV

136 ABBIENDI 010 use their measurement of the T polarization in addition to the lineshape
and forward-backward lepton asymmetries.

137 ACCIARRI 00C use their measurement of the T polarization in addition to forward-
backward lepton asymmetries.

138 ABBIENDI 01K obtain this from an angular analysis of the muon pair asymmetry which
takes into account effects of initial state radiation on an event by event basis and of
initial-final state interference.
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-
gy
VALUE

EVTS DOCUMENT ID TECN  COMMENT

—0.0366+-0.0010 OUR FIT

—0.0365+0.0023
—0.0384+0.0026
—0.0361+0.0068

139 ABBIENDI 010 use their measurement of the 7 polarization in addition to the lineshape

151.5K 139 ABBIENDI
103.0k 140 ACCIARRI
BARATE

0oc L3

and forward-backward lepton asymmetries.

140 ACCIARRI 00C use their measurement of the T polarization in addition to forward-

backward lepton asymmetries.

gy

VALUE

EVTS DOCUMENT ID TECN  COMMENT

010 OPAL EEE = 88-94 GeV
EEE,= 88-94 GeV
00C ALEP ESE = 88-94 GeV

—0.03783+0.00041 OUR FIT

—0.0358 +0.0014
—0.0397 +0.0020
—0.0397
—0.0383

141 ABBIENDI 010 use their measurement of the 7 polarization in addition to the lineshape

471.3K 141 ABBIENDI
379.4k 142 ABREU
340.8k 143 ACCIARRI
BARATE

+0.0017 0oc L3

+0.0018 500k

and forward-backward lepton asymmetries.
142 Using forward-backward lepton asymmetries.

143 ACCIARRI 00C use their measurement of the T polarization in addition to forward-

backward lepton asymmetries.

010 OPAL EEE,= 88-94 GeV
00F DLPH E&& = 88-94 GeV
EEE,= 88-94 GeV
00C ALEP ES& = 88-94 GeV

e
€A
VALUE

Z AXIAL-VECTOR COUPLINGS TO CHARGED LEPTONS

These quantities are the effective axial-vector couplings of the Z to charged
leptons. Their magnitude is derived from a measurement of the Z line-
shape and the forward-backward lepton asymmetries as a function of en-
ergy around the Z mass. The relative sign among the vector to axial-vector
couplings is obtained from a measurement of the Z asymmetry parame-
ters, A,, A.U’ and A_. By convention the sign of g/eé\ is fixed to be negative

(and opposite to that of g¥e obtained using Vg Scattering measurements).
The fit values quoted below correspond to global nine- or five-parameter
fits to lineshape, lepton forward-backward asymmetry, and Ae' A , and
A measurements. See “Note on the Z boson” for details. Where pp
data is quoted, OUR FIT value corresponds to a weighted average of this
with the LEP/SLD fit result.

EVTS DOCUMENT ID TECN  COMMENT

—0.50111+0.00035 OUR FIT

EPP — 1.96 Tev

ESE,= 88-94 GeV
EEE,= 88-94 GeV
ESE,= 88-94 GeV
EEE,= 91.31 GeV

—~0.528 +£0.123 40.059 5026 144 ACOSTA 05M CDF

—0.50062+0.00062 137.0K 145 ABBIENDI 010 OPAL

—0.5015 +0.0007 124.4k 146 ACCIARRI 00C L3

—0.50166 +0.00057 BARATE 00C ALEP

—0.4977 +0.0045 147 ABE 95) SLD
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144 ACOSTA 05M determine the forward—backward asymmetry of et e™ pairs produced via
qg— Z/y* — ete in15 M(e+ e ) effective mass bins ranging from 40 GeV to 600
GeV. These results are used to obtain the vector and axial-vector couplings of the Z to
ete, assuming the quark couplings are as predicted by the standard model.

145 ABBIENDI 010 use their measurement of the 7 polarization in addition to the lineshape
and forward-backward lepton asymmetries.

146 ACCIARRI 00C use their measurement of the 7 polarization in addition to forward-
backward lepton asymmetries.

147 ABE 95, obtain this result combining polarized Bhabha results with the A; p measure-
ment of ABE 94C. The Bhabha results alone give —0.4968 4+ 0.0039 + 0.0027.

m
A
VALUE EVTS DOCUMENT ID TECN COMMENT
—0.501200.00054 OUR FIT
~0.50117+0.00099  182.8K 48 ABBIENDI 010 OPAL EES,= 88-94 GeV

—0.5009 +0.0014 113.4k 149 ACCIARRI  00C L3 EEE,= 88-94 GeV

—0.50046+0.00093 BARATE 00C ALEP EE£§,= 88-94 GeV
o o o We do not use the following data for averages, fits, limits, etc. o o o
—~0.520 +0.015 66143 150 ABBIENDI ~ 01k OPAL E&& = 89-93 GeV

148 ABBIENDI 010 use their measurement of the 7 polarization in addition to the lineshape
and forward-backward lepton asymmetries.

149 ACCIARRI 00C use their measurement of the T polarization in addition to forward-
backward lepton asymmetries.

150 ABBIENDI 01K obtain this from an angular analysis of the muon pair asymmetry which
takes into account effects of initial state radiation on an event by event basis and of
initial-final state interference.

ga

VALUE EVTS DOCUMENT ID TECN COMMENT
—0.50204:0.00064 OUR FIT

—0.50165+0.00124  151.5K 151 ABBIENDI ~ 010 OPAL E&& = 88-94 GeV
—0.5023 +0.0017 103.0k 152 ACCIARRI  00C L3 EEE,= 88-94 GeV

—0.50216+0.00100 BARATE 00C ALEP EE£§,= 88-94 GeV

151 ABBIENDI 010 use their measurement of the 7 polarization in addition to the lineshape
and forward-backward lepton asymmetries.

152 ACCIARRI 00C use their measurement of the T polarization in addition to forward-
backward lepton asymmetries.

g4

VALUE EVTS DOCUMENT ID TECN COMMENT
—0.501230.00026 OUR FIT
—0.5008940.00045  471.3K 153 ABBIENDI ~ 010 OPAL ES&,—= 88-94 GeV

—0.5007 =+0.0005 379.4k ABREU 00F DLPH E&& = 88-94 GeV
—0.501534+0.00053  340.8k 154 ACCIARRI  00C L3 EEE,= 88-94 GeV
—0.50150-£0.00046 500k BARATE 00C ALEP ES& = 88-94 GeV

153 ABBIENDI 010 use their measurement of the 7 polarization in addition to the lineshape
and forward-backward lepton asymmetries.

154 ACCIARRI 00C use their measurement of the T polarization in addition to forward-
backward lepton asymmetries.
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Z COUPLINGS TO NEUTRAL LEPTONS

These quantities are the effective couplings of the Z to neutral leptons.

€ and vy e scattering results are combined with g/eL\ and gf/ measure-

ments at the Z mass to obtain g”e and gy:“ following NOVIKOV 93cC.

1%

g

VALUE DOCUMENT ID TECN  COMMENT

0.528+0.085 155 v1LAIN 94 CHM2 From vy, e and v, e scat-

tering

155VILAIN 94 derive this value from their value of gV“ and their ratio gVE/gV“ =
1.0510.15
Y —-0.18"

g

VALUE DOCUMENT ID TECN  COMMENT

0.502+0.017 156 vLAIN 94 CHM2 From v, e scattering

w
156 : : : : ¥ _
VILAIN 94 derive this value from their measurement of the couplings gy = —0.503 +

ev
0.017 and gy M = —0.035 + 0.017 obtained from v,, e scattering. We have re-evaluated

W
this value using the current PDG values for gi and g?/.

Z ASYMMETRY PARAMETERS

For each fermion-antifermion pair coupling to the Z these quantities are

defined as
f of
Af = T2y (572 ZEvEn 7
(g\/)2 + (gA)2
where g\f/ and g/Z are the effective vector and axial-vector couplings. For
their relation to the various lepton asymmetries see the ‘Note on the Z
Boson.’
Ae
Using polarized beams, this quantity can also be measured as (o — oR)/ (o) +oR),
where 0 and o are the ete™ production cross sections for Z bosons produced with
left-handed and right-handed electrons respectively.
VALUE EVTS DOCUMENT ID TECN  COMMENT

0.1515+0.0019 OUR AVERAGE
0.1454-0.0108 +0.0036 144810 157 ABBIENDI 010 OPAL EEE,= 88-94 GeV

0.1516+0.0021 559000 158 ABE 018 SLD  ES&,= 91.24 GeV
0.1504 -£0.0068 4 0.0008 159 HEISTER 01 ALEP ES& = 88-94 GeV
0.138240.0116 40.0005 105000 160 ABREU 00E DLPH ES§,= 88-94 GeV
0.1678+0.0127 4-0.0030 137092 161 ACCIARRI  98H L3 EEE = 88-94 GeV
0.162 +0.041 +0.014 89838 162 ABE 97 SLD  ES& = 91.27 GeV
0.202 +0.038 +0.008 163 ABE 95) SLD  ES&,= 91.31 GeV
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157 ABBIENDI 010 fit for Ae and A_ from measurements of the 7 polarization at varying
T production angles. The correlatlon between A, and A_ is less than 0.03.

158 ABE 01B use the left- right production and Ieft-rlght forward backward decay asymmetries
in leptonic Z decays to obtain a value of 0.1544 + 0.0060. This is combined with left-
right production asymmetry measurement using hadronic Z decays (ABE 00B) to obtain
the quoted value.

159 HEISTER 01 obtain this result fitting the 7 polarization as a function of the polar
production angle of the 7.

160 ABREU 00E obtain this result fitting the 7 polarization as a function of the polar
7 production angle. This measurement is a combination of different analyses (exclu-
sive 7 decay modes, inclusive hadronic 1-prong reconstruction, and a neural network
analysis).

Derived from the measurement of forward-backward 7 polarization asymmetry.
ABE 97 obtain this result from a measurement of the observed left-right charge

asymmetry, A%’S = 0.225 + 0.056 + 0.019, in hadronic Z decays. If they combine

this value of A2PS with their earlier measurement of A%bR? they determine A, to be

0.1574 4+ 0.0197 + 0.0067 independent of the beam polarization.
ABE 95J obtain this result from polarized Bhabha scattering.

A
# This quantity is directly extracted from a measurement of the left-right forward-
backward asymmetry in ,u"' p— production at SLC using a polarized electron beam.

This double asymmetry eliminates the dependence on the Z-e-e coupling parameter
A

e
VALUE EVTS DOCUMENT ID TECN  COMMENT

0.142:+0.015 16844 164 ABE 01B SLD  ES&,= 91.24 GeV

164 ABE 018 obtain this direct measurement using the left-right production and left-right

forward-backward polar angle asymmetries in ;[" u~ decays of the Z boson obtained
with a polarized electron beam.

A,

The LEP Collaborations derive this quantity from the measurement of the 7 polariza-
tionin Z — 7177, The SLD Collaboration directly extracts this quantity from its
measured left-right forward-backward asymmetry in Z — rtr produced using a
polarized e~ beam. This double asymmetry eliminates the dependence on the Z-e-e
coupling parameter A.

VALUE EVTS DOCUMENT ID TECN  COMMENT

0.143 1+0.004 OUR AVERAGE

0.1456-+0.0076+0.0057 144810 165 ABBIENDI ~ 010 OPAL EEE = 88-94 GeV

0.136 +0.015 16083 166 ABE 01B SLD  ES&,= 91.24 GeV
0.1451-0.005240.0029 167 HEISTER 01 ALEP ES& = 88-94 GeV
0.1359-£0.0079+0.0055 105000 108 ABREU 00E DLPH ES& = 88-94 GeV

0.1476+0.0088+0.0062 137092 ACCIARRI 98H L3 EES,= 88-94 GeV

165 ABBIENDI 010 fit for Ae and A_ from measurements of the 7 polarization at varying
T production angles. The correlatlon between A, and A_ is less than 0.03.

166 ABE 01B obtain this direct measurement using the Ieft right production and left-right

forward-backward polar angle asymmetries in rtr decays of the Z boson obtained
with a polarized electron beam.

HEISTER 01 obtain this result fitting the 7 polarization as a function of the polar
production angle of the 7.

ABREU 00E obtain this result fitting the 7 polarization as a function of the polar
7 production angle. This measurement is a combination of different analyses (exclu-
sive T decay modes, inclusive hadronic 1-prong reconstruction, and a neural network
analysis).
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As
The SLD Collaboration directly extracts this quantity by a simultaneous fit to four
measured s-quark polar angle distributions corresponding to two states of e~ polar-
ization (positive and negative) and to the KT K~ and KT K% strange particle tagging
modes in the hadronic final states.

VALUE EVTS DOCUMENT ID TECN COMMENT

0.8950.066£0.062 2870 199 ABE 00D SLD  EE& = 91.2 GeV

169 ABE 00D tag Z — sS events by an absence of B or D hadrons and the presence in each
hemisphere of a high momentum KT or K%.

Ac
This quantity is directly extracted from a measurement of the left-right forward-
backward asymmetry in c¢ production at SLC using polarized electron beam. This
double asymmetry eliminates the dependence on the Z-e-e coupling parameter A,.
OUR FIT is obtained by a simultaneous fit to several c- and b-quark measurements
as explained in the note “The Z Boson.”

VALUE DOCUMENT ID TECN COMMENT

0.670 +0.027 OURFIT

0.671240.0224 +0.0157 170 ABE 05 SLD  ES8 = 91.24 GeV

o o o We do not use the following data for averages, fits, limits, etc. ® o o

0.583 =+0.055 +0.055 171 ABE 026 SLD  ES&,= 91.24 GeV

0.688 -+0.041 172 ABE 01C SLD  ES&,= 91.25 GeV

170 ABE 05 use hadronic Z decays collected during 1996—-98 to obtain an enriched sample of
CC events tagging on the invariant mass of reconstructed secondary decay vertices. The
charge of the underlying c—quark is obtained with an algorithm that takes into account
the net charge of the vertex as well as the charge of tracks emanating from the vertex and
identified as kaons. This yields (9970 events) A. = 0.6747 £ 0.0290 £ 0.0233. Taking
into account all correlations with earlier results reported in ABE 02G and ABE 01¢, they
obtain the quoted overall SLD result.

171 ABE 026 tag b and c quarks through their semileptonic decays into electrons and muons.
A maximum likelihood fit is performed to extract simultaneously Ay and A_.

172 ABE 01c tag Z — c¢ events using two techniques: exclusive reconstruction of D*+, Dt

and DO mesons and the soft pion tag for D*+ — DOxt. The large background from
D mesons produced in bb events is separated efficiently from the signal using precision
vertex information. When combining the Ac values from these two samples, care is taken
to avoid double counting of events common to the two samples, and common systematic
errors are properly taken into account.

Ap
This quantity is directly extracted from a measurement of the left-right forward-
backward asymmetry in bb production at SLC using polarized electron beam. This
double asymmetry eliminates the dependence on the Z-e-e coupling parameter A,.
OUR FIT is obtained by a simultaneous fit to several c- and b-quark measurements
as explained in the note “The Z Boson.”

VALUE EVTS DOCUMENT ID TECN COMMENT

0.923 +0.020 OUR FIT

0.9170-£0.0147 £0.0145 173 ABE 05 SLD  ESE, = 91.24 GeV

e o o We do not use the following data for averages, fits, limits, etc. e o @

0.007 +0.020 +0.024 48028 174 ABE 03F SLD  EES,= 91.24 GeV

0.919 +0.030 +0.024 175 ABE 026 SLD  ES,= 91.24 GeV

0.855 +0.088 +0.102 7473 176 ABE 90L SLD  ES&,= 91.27 GeV
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173 ABE 05 use hadronic Z decays collected during 1996—-98 to obtain an enriched sample of
bb events tagging on the invariant mass of reconstructed secondary decay vertices. The
charge of the underlying b—quark is obtained with an algorithm that takes into account
the net charge of the vertex as well as the charge of tracks emanating from the vertex
and identified as kaons. This yields (25917 events) Ay = 0.9173 £ 0.0184 + 0.0173.
Taking into account all correlations with earlier results reported in ABE 03F, ABE 026G
and ABE 99L, they obtain the quoted overall SLD result.

174 ABE 03F obtain an enriched sample of bb events tagging on the invariant mass of a
3-dimensional topologically reconstructed secondary decay. The charge of the underlying
b quark is obtained using a self-calibrating track-charge method. For the 1996-1998 data
sample they measure Ay = 0.906 & 0.022 4 0.023. The value quoted here is obtained
combining the above with the result of ABE 98I (1993-1995 data sample).

175 ABE 026 tag b and c quarks through their semileptonic decays into electrons and muons.
A maximum likelihood fit is performed to extract simultaneously A, and A_.

176 ABE 991 obtain an enriched sample of bb events tagging with an inclusive vertex mass
cut. For distinguishing b and b quarks they use the charge of identified KE.

TRANSVERSE SPIN CORRELATIONS IN Z — 7+ 7~

The correlations between the transverse spin components of = pro-
duced in Z decays may be expressed in terms of the vector and axial-vector

couplings:
ENSe s
C =24 _ 2V
T~ JenP+g] 2
EAIC
Cry = —2—2ABVI g — o
™ = 2 el ey %ep)

Ct7 refers to the transverse-transverse (within the collision plane) spin
correlation and Cy refers to the transverse-normal (to the collision plane)
spin correlation.

The longitudinal 7 polarization P (= —A_) is given by:

T T
o lellgll e e

P_ =
eal*+Hey 2 ey ea

T

Here @ is the phase and the phase difference d)g,r — ¢g7 can be obtained
v A
using both the measurements of Cyp and P_.

Crr
VALUE EVTS DOCUMENT ID TECN COMMENT
1.01+0.12 OUR AVERAGE

0.10
0.87+0.201 379 9.1k ABREU 97G DLPH E&,= 91.2 GeV
1.06+0.13+0.05 120k BARATE 97D ALEP EES,= 91.2 GeV
Crn
VALUE EVTS DOCUMENT ID TECN COMMENT
0.080.130.04 120k 177 BARATE 97D ALEP ES8,= 91.2 GeV

177 BARATE 97D combine their value of Cypy with the world average P = —0.140 = 0.007
to obtain tan(® . — & ) = —0.57 + 0.97.
Ev  8&a
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FORWARD-BACKWARD et e~ — ff CHARGE ASYMMETRIES

These asymmetries are experimentally determined by tagging the respec-
tive lepton or quark flavor in et e~ interactions. Details of heavy
flavor (c- or b-quark) tagging at LEP are described in the note on
“The ZBoson.” The Standard Model predictions for LEP data have
been (re)computed using the ZFITTER package (version 6.36) with
input parameters M7=91.187 GeV, Mtop:174.3 GeV, MHiggs:150

GeV, as=0.119, a(5) (MZ): 1/128.877 and the Fermi constant Gg=

1.16637 x 107> GeV 2 (see the note on “The Z Boson" for references).
For non-LEP data the Standard Model predictions are as given by the
authors of the respective publications.

—— Al%€) CHARGE ASYMMETRY IN et e~ — ete™ ——

OUR FIT is obtained using the fit procedure and correlations as determined
by the LEP Electroweak Working Group (see the “Note on the Z boson").
For the Z peak, we report the pole asymmetry defined by (3/4)Ag as
determined by the nine-parameter fit to cross-section and lepton forward-
backward asymmetry data.

STD. NG
ASYMMETRY (%) MODEL (Gev) DOCUMENT ID TECN
1.45+0.25 OUR FIT
0.8940.44 1.57 91.2 178 ABBIENDI 01A OPAL
1.71+0.49 1.57 91.2 ABREU 00F DLPH
1.064+0.58 1.57 91.2 ACCIARRI 00C L3
1.8840.34 1.57 9012 179 BARATE 00C ALEP

178 ABBIENDI 01A error includes approximately 0.38 due to statistics, 0.16 due to event
selection systematics, and 0.18 due to the theoretical uncertainty in t-channel prediction.

179 BARATE 00C error includes approximately 0.31 due to statistics, 0.06 due to experimental
systematics, and 0.13 due to the theoretical uncertainty in t-channel prediction.

——— AH) CHARGE ASYMMETRY IN et e~ — ptp~ ———

OUR FIT is obtained using the fit procedure and correlations as determined
by the LEP Electroweak Working Group (see the “Note on the Z boson”).
For the Z peak, we report the pole asymmetry defined by (3/4)AeAu as
determined by the nine-parameter fit to cross-section and lepton forward-
backward asymmetry data.

STD. NG
ASYMMETRY (%) MODEL (GeV) DOCUMENT ID TECN
1.69+ 0.13 OUR FIT
1.59+ 0.23 1.57 91.2 180 ABBIENDI 01A OPAL
1.65+ 0.25 1.57 91.2 ABREU 00F DLPH
1.88+ 0.33 1.57 91.2 ACCIARRI 00C L3
1.714+ 0.24 1.57 012 181 BARATE 00C ALEP
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e o o We do not use the following data for averages, fits, limits, etc. o o o

9 430 13 20 182 ABREU 95M DLPH

7 426 -8.3 40 182 ABREU 95M DLPH
—11 433 —24.1 57 182 ABREU 95M DLPH
—62 +17 —44.6 69 182 ABREU 95M DLPH
—56 +10 —63.5 79 182 ABREU 95M DLPH
~13 + 5 —34.4 87.5 182 ABREU 95M DLPH
~290 © 20 +05 ~32.1 56.9 183 ABE 901 VNS
~ 99 + 15 +05 9.2 35 HEGNER 90 JADE

0.05+ 0.22 0.026 91.14 184 ABRAMS 89D MRK?2
—43.4 +17.0 —24.9 52.0 185 BACALA 89 AMY
~11.0 +£16.5 —20.4 55.0 185 BACALA 89 AMY
~30.0 +12.4 —31.2 56.0 185 BACALA 89 AMY
—46.2 +14.9 —33.0 57.0 185 BACALA 89 AMY
—29 +13 —25.9 53.3 ADACH]I 88C TOPZ
+ 53 4+ 5.0 405 —12 14.0 ADEVA 88 MRKJ
~10.4 + 1.3 +05 — 8.6 34.8 ADEVA 88 MRKJ
123 + 53 +05 ~10.7 38.3 ADEVA 88 MRKJ
156 + 3.0 £0.5 ~14.9 43.8 ADEVA 88 MRKJ
~ 1.0 + 6.0 ~12 13.9 BRAUNSCH... 88D TASS
— 9.1 + 23 +05 —8.6 34.5 BRAUNSCH... 88D TASS
~106 = 22 +0.5 ~8.9 35.0 BRAUNSCH... 88D TASS
~17.6 T 33 +05 ~15.2 43.6 BRAUNSCH... 88D TASS
— 48 + 65 +1.0 ~115 39 BEHREND  87c CELL
~18.8 + 45 +1.0 155 44 BEHREND  87¢C CELL
+ 27 + 49 1.2 13.9 BARTEL 86C JADE
~111 + 1.8 +1.0 ~8.6 34.4 BARTEL 86C JADE
173 + 48 +1.0 ~13.7 415 BARTEL 86C JADE
228 + 51 +1.0 —16.6 44.8 BARTEL 86C JADE
~ 63 + 0.8 +0.2 ~6.3 29 ASH 85 MAC
— 49 + 15 +05 ~5.9 29 DERRICK 85 HRS
— 71 + 17 57 29 LEVI 83 MRK2
~16.1 + 3.2 ~9.2 34.2 BRANDELIK 82C TASS

180 ABBIENDI 01A error is almost entirely on account of statistics.
181 BARATE 00C error is almost entirely on account of statistics.

182 ABREU 95M perform this measurement using radiative muon-pair events associated with
high-energy isolated photons.

183 ABE 901 measurements in the range 50 < /s < 60.8 GeV.
184 ABRAMS 89D asymmetry includes both 9 T~ and 15 7+ 7~
185 BACALA 89 systematic error is about 5%.

events.

——— A" CHARGE ASYMMETRY IN et e~ — 77~ ———

OUR FIT is obtained using the fit procedure and correlations as determined
by the LEP Electroweak Working Group (see the “Note on the Z boson").
For the Z peak, we report the pole asymmetry defined by (3/4)A A as
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determined by the nine-parameter fit to cross-section and lepton forward-
backward asymmetry data.

STD. NG

ASYMMETRY (%) MODEL (GeV) DOCUMENT ID TECN
1.88+ 0.17 OUR FIT
1.45+ 0.30 1.57 91.2 186 ABBIENDI 01A OPAL
2414+ 0.37 1.57 91.2 ABREU 00F DLPH
2.60+ 0.47 1.57 91.2 ACCIARRI 00c L3
1.704+ 0.28 1.57 012 187 BARATE 00C ALEP
e o o We do not use the following data for averages, fits, limits, etc. ® o o
—328 T g‘z‘ +15 —32.1 56.9 188 ABE 901 VNS
— 81 + 2.0 406 ~9.2 35 HEGNER 90 JADE
—18.4 +19.2 —24.9 52.0 189 BACALA 89 AMY
—17.7 +26.1 —20.4 55.0 189 BACALA 89 AMY
—45.9 +16.6 —31.2 56.0 189 BACALA 89 AMY
—49.5 +18.0 —33.0 57.0 189 BACALA 89 AMY
—20 +14 —25.9 53.3 ADACHI 88C TOPZ
~106 + 3.1 +£15 -85 34.7 ADEVA 88 MRKJ
— 85 + 6.6 £15 —15.4 43.8 ADEVA 88 MRKJ
— 6.0 + 25 £1.0 8.8 34.6 BARTEL 85F JADE
118 + 4.6 +1.0 14.8 43.0 BARTEL 85F JADE
— 55 4+ 1.2 +05 —0.063 29.0 FERNANDEZ 85 MAC
— 42 4+ 20 0.057 29 LEVI 83 MRK2
~103 + 5.2 —9.2 34.2 BEHREND 82 CELL
— 04 + 6.6 —9.1 34.2 BRANDELIK 82C TASS

186 ABBIENDI 01A error includes approximately 0.26 due to statistics and 0.14 due to event
selection systematics.

187 BARATE 00C error includes approximately 0.26 due to statistics and 0.11 due to exper-
imental systematics.

188 ABE 901 measurements in the range 50 < /s < 60.8 GeV.

189 BACALA 89 systematic error is about 5%.

——— A% CHARGE ASYMMETRY IN et e~ — £+¢~ ——

For the Z peak, we report the pole asymmetry defined by (3/4)A§ as
determined by the five-parameter fit to cross-section and lepton forward-
backward asymmetry data assuming lepton universality. For details see
the “Note on the Z boson.”

STD. NG
ASYMMETRY (%) MODEL (GeV) DOCUMENT ID TECN
1.71+0.10 OUR FIT
1.4540.17 1.57 91.2 190 ABBIENDI 01A OPAL
1.874+0.19 1.57 91.2 ABREU 00F DLPH
1.9240.24 1.57 91.2 ACCIARRI 00C L3
1.7340.16 1.57 012 191 BARATE 00C ALEP

190 ABBIENDI 01A error includes approximately 0.15 due to statistics, 0.06 due to event
selection systematics, and 0.03 due to the theoretical uncertainty in t-channel prediction.

191 BARATE 00C error includes approximately 0.15 due to statistics, 0.04 due to experimental
systematics, and 0.02 due to the theoretical uncertainty in t-channel prediction.
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——— Al%) CHARGE ASYMMETRY IN ete™ — ut ——

STD. NG
ASYMMETRY (%) MODEL (GeV) DOCUMENT ID TECN
4.04+6.7+2.8 7.2 91.2 192 ACKERSTAFF 97T OPAL

192 ACKERSTAFF 97T measure the forward-backward asymmetry of various fast hadrons
made of light quarks. Then using SU(2) isospin symmetry and flavor independence for
down and strange quarks authors solve for the different quark types.

—— Al%S) CHARGE ASYMMETRY IN et e~ — s5 ——

The s-quark asymmetry is derived from measurements of the forward-
backward asymmetry of fast hadrons containing an s quark.

STD. NG
ASYMMETRY (%) MODEL (GeV) DOCUMENT ID TECN
9.8 +1.1 OUR AVERAGE
10.0841.1340.40 10.1 91.2 193 ABREU 008 DLPH
6.8 £3.5 +1.1 10.1 01.2 194 ACKERSTAFF 97T OPAL
e o o We do not use the following data for averages, fits, limits, etc. ® o o
13.1 +3.5 +1.3 10.1 912 195 ABREU 95G DLPH

193 ABREU 008 tag the presence of an s quark requiring a high-momentum-identified charged
kaon. The s-quark pole asymmetry is extracted from the charged-kaon asymmetry tak-
ing the expected d- and u-quark asymmetries from the Standard Model and using the
measured values for the c- and b-quark asymmetries.

194 ACKERSTAFF 97T measure the forward-backward asymmetry of various fast hadrons
made of light quarks. Then using SU(2) isospin symmetry and flavor independence for
down and strange quarks authors solve for the different quark types. The value reported
here corresponds then to the forward-backward asymmetry for “down-type” quarks.

195 ABREU 956 require the presence of a high-momentum charged kaon or A0 to tag the
s quark. An unresolved s- and d-quark asymmetry of (11.2 £ 3.1 + 5.4)% is obtained by
tagging the presence of a high-energy neutron or neutral kaon in the hadron calorimeter.
Superseded by ABREU 00B.

——— A%) CHARGE ASYMMETRY IN ete™ — & ———

OUR FIT, which is obtained by a simultaneous fit to several c- and b-
quark measurements as explained in the “Note on the Z boson,” refers
to the Z pole asymmetry. The experimental values, on the other hand,
correspond to the measurements carried out at the respective energies.

STD. Vs

ASYMMETRY (%) MODEL (GeV) DOCUMENT ID TECN
7.07+ 0.35 OUR FIT
6.314+ 0.93+0.65 6.35 901.26 196 ABDALLAH  04F DLPH
5.684+ 0.54+0.39 6.3 91.25 197 ABBIENDI 03P OPAL
6.45+ 0.57+0.37 6.10 01.21 198 HEISTER 02H ALEP
6.594+ 0.94+0.35 6.2 91.235 199 ABREU 99y DLPH
6.3 + 0.9 +£0.3 6.1 01.22 200 BARATE 980 ALEP
6.3 + 1.2 +£0.6 6.1 91.22 201 ALEXANDER 97C OPAL
83 + 3.8 £2.7 6.2 91.24 202 ADRIANI 92D L3
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e o o We do not use the following data for averages, fits, limits, etc. o o o

3.1 + 35 +05 —-35 89.43 196 ABDALLAH  04F DLPH
11.0 + 2.8 £0.7 12.3 92.99 196 ABDALLAH  04F DLPH
— 6.8 + 2.5 +£0.9 —~3.0 89.51 197 ABBIENDI 03P OPAL
146 + 2.0 £0.8 12.2 92.95 197 ABBIENDI 03P OPAL
—12.4 +15.9 £2.0 —9.6 88.38 198 HEISTER 02H ALEP
— 23 4 26 +£0.2 —3.8 89.38 198 HEISTER 02H ALEP
— 03 + 83 £0.6 0.9 90.21 198 HEISTER 02H ALEP
10.6 + 7.7 +£0.7 9.6 92.05 198 HEISTER 02H ALEP
119 + 2.1 £0.6 12.2 02.94 198 HEISTER 02H ALEP
12.1 +11.0 £1.0 14.2 93.90 198 HEISTER 02H ALEP
— 4.964+ 3.68+0.53 —35 89.434 199 ABREU 99y DLPH
11.80+ 3.1840.62 12.3 92.990 199 ABREU 99y DLPH
— 1.0 + 43 £1.0 —~3.9 89.37 200 BARATE 980 ALEP
11.0 + 3.3 £0.8 12.3 92.96 200 BARATE 980 ALEP
39 + 51 +0.9 3.4 89.45 201 Al EXANDER 97C OPAL
158 + 4.1 +1.1 12.4 93.00 201 ALEXANDER 97C OPAL
~12.9 + 7.8 £55 136 35 BEHREND 90D CELL
7.7 +13.4 £5.0 —22.1 43 BEHREND 90D CELL
128 + 4.4 +4.1 136 35 ELSEN 90 JADE
109 +12.9 +46 —23.2 44 ELSEN 90 JADE
149 + 6.7 ~13.3 35 OULD-SAADA 89 JADE

196 ABDALLAH 04F tag b— and c—quarks using semileptonic decays combined with charge
flow information from the hemisphere opposite to the lepton. Enriched samples of cc
and bb events are obtained using lifetime information.

197 ABBIENDI 03p tag heavy flavors using events with one or two identified leptons. This
allows the simultaneous fitting of the b and c quark forward-backward asymmetries as
well as the average BY_BO mixing.

198 HEISTER 02H measure simultaneously b and ¢ quark forward-backward asymmetries
using their semileptonic decays to tag the quark charge. The flavor separation is obtained
with a discriminating multivariate analysis.

199 ABREU 99Y tag Z — bband Z — T events by an exclusive reconstruction of several
D meson decay modes (D*+, DO, and D1 with their charge-conjugate states).

200 BARATE 980 tag Z — ¢ events requiring the presence of high-momentum recon-
structed D*+, D+, or DO mesons.

201 Al EXANDER 97¢ identify the b and c events using a D/D* tag.

202 ADRIANI 92D use both electron and muon semileptonic decays.

——— Al%P) CHARGE ASYMMETRY IN et e~ — b5 ——

OUR FIT, which is obtained by a simultaneous fit to several c- and b-
quark measurements as explained in the “Note on the Z boson,” refers
to the Z pole asymmetry. The experimental values, on the other hand,
correspond to the measurements carried out at the respective energies.

STD. Vs
ASYMMETRY (%) MODEL (GeV) DOCUMENT ID TECN
9.92+ 0.16 OUR FIT
0.58+ 0.32+ 0.14 0.68 01.231 203 ABDALLAH 05 DLPH
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10.044+ 0.56+ 0.25 9.69 91.26 204 ABDALLAH  04F DLPH
9.72+ 0.42+ 0.15 9.67 91.25 205 ABBIENDI 03P OPAL
9.77+ 0.36+ 0.18 9.69 91.26 206 ABBIENDI 021 OPAL
9.52+ 0.41+ 0.17 9.59 901.21 207 HEISTER 02H ALEP
10.004+ 0.27+ 0.11 9.63 91.232 208 HEISTER 01D ALEP
7.62+ 1.94+ 0.85 9.64 91.235 209 ABREU 99y DLPH
9.60+ 0.66+ 0.33 9.69 91.26 210 ACCIARRI 99D L3
9.31+ 1.01+ 055 9.65 91.24 211 ACCIARRI 98U L3
9.4 + 2.7 + 2.2 9.61 91.22 212 ALEXANDER 97C OPAL
e o o We do not use the following data for averages, fits, limits, etc. o o @
6.37+ 1.43+ 0.17 5.8 89.449 203 ABDALLAH 05 DLPH
10.414+ 1.15+ 0.24 12.1 92.990 203 ABDALLAH 05 DLPH
6.7 £ 22 + 0.2 5.7 89.43 204 ABDALLAH  04F DLPH
112 + 1.8 + 0.2 12.1 92.99 204 ABDALLAH  04F DLPH
47 + 1.8 + 0.1 5.9 89.51 205 ABBIENDI 03P OPAL
103 + 1.5 + 0.2 12.0 92.95 205 ABBIENDI 03P OPAL
5.82+ 1.53+ 0.12 5.9 89.50 206 ABBIENDI 021 OPAL
12.21+ 1.23+ 0.25 12.0 9291 206 ABBIENDI 021 OPAL
~13.1 4135 + 1.0 3.2 88.38 207 HEISTER 02H ALEP
55 + 1.9 + 0.1 5.6 89.38 207 HEISTER 02H ALEP
— 04 + 6.7 + 08 7.5 90.21 207 HEISTER 02H ALEP
111 + 6.4 + 05 11.0 92.05 207 HEISTER 02H ALEP
104 + 15 + 0.3 12.0 92.94 207 HEISTER 02H ALEP
13.8 + 9.3 + 1.1 12.9 03.90 207 HEISTER 02H ALEP
436+ 1.194 0.11 5.8 89.472 208 HEISTER 01D ALEP
11.72+ 0.97+ 0.11 12.0 92.950 208 HEISTER 01D ALEP
5.67+ 7.56+ 1.17 5.7 89.434 209 ABREU 99y DLPH
8.82+ 6.33+ 1.22 12.1 92.990 209 ABREU 99y DLPH
6.114+ 2.93+ 0.43 5.9 89.50 210 ACCIARRI 99D L3
13.71+ 2.40+ 0.44 12.2 03.10 210 ACCIARRI 99D L3
4.954+ 5234 0.40 5.8 89.45 211 ACCIARRI 98U L3
11.374+ 3.99+ 0.65 12.1 92.99 211 ACCIARRI 98U L3
— 86 +10.8 + 2.9 5.8 89.45 212 ALEXANDER 97C OPAL
— 21 4+ 90 + 26 12.1 93.00 212 ALEXANDER 97C OPAL
—71 +34 J_Fg —58 58.3 SHIMONAKA 91 TOPZ
—222 £+ 7.7 + 35 ~26.0 35 BEHREND 90D CELL
—49.1 +16.0 + 5.0 ~39.7 43 BEHREND 90D CELL
28 411 —23 35 BRAUNSCH... 90 TASS
166 + 7.7 + 4.8 —24.3 35 ELSEN 90 JADE
~336 4222 + 52 399 44 ELSEN 90 JADE
34 4+ 7.0 + 35 ~16.0 29.0 BAND 89 MAC
—72 428 +13 —56 55.2 SAGAWA 89 AMY

203 ABDALLAH 05 obtain an enriched samples of bb events using lifetime information. The
quark (or antiquark) charge is determined with a neural network using the secondary
vertex charge, the jet charge and particle identification.

204 ABDALLAH 04F tag b— and c—quarks using semileptonic decays combined with charge
flow information from the hemisphere opposite to the lepton. Enriched samples of c¢
and bb events are obtained using lifetime information.
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205 ABBIENDI 03P tag heavy flavors using events with one or two identified leptons. This
allows the simultaneous fitting of the b and c quark forward-backward asymmetries as
well as the average BY-BO mixing.

206 ABBIENDI 02I tag Z0 - bb decays using a combination of secondary vertex and lepton
tags. The sign of the b-quark charge is determined using an inclusive tag based on jet,
vertex, and kaon charges.

207 HEISTER 02H measure simultaneously b and ¢ quark forward-backward asymmetries
using their semileptonic decays to tag the quark charge. The flavor separation is obtained
with a discriminating multivariate analysis.

208 HEISTER 01D tag Z — bb events using the impact parameters of charged tracks
complemented with information from displaced vertices, event shape variables, and lepton
identification. The b-quark direction and charge is determined using the hemisphere
charge method along with information from fast kaon tagging and charge estimators of
primary and secondary vertices. The change in the quoted value due to variation of A;:_-B

and R), is given as +0.103 (A% — 0.0651) —0.440 (Ry, — 0.21585).

209 ABREU 99Y tag Z — bband Z — ¢T events by an exclusive reconstruction of several
D meson decay modes (D*"", DO, and DT with their charge-conjugate states).

210 ACCIARRI 99D tag Z — bb events using high p and p 7 leptons. The analysis determines
simultaneously a mixing parameter x; = 0.1192 £ 0.0068 + 0.0051 which is used to
correct the observed asymmetry.

211 ACCIARRI 98U tag Z — bb events using lifetime and measure the jet charge using the
hemisphere charge.

212 Al EXANDER 97¢ identify the b and c events using a D/D* tag.

CHARGE ASYMMETRY IN et e~ — qg

Summed over five lighter flavors.

Experimental and Standard Model values are somewhat event-selection
dependent. Standard Model expectations contain some assumptions on
B0_BO mixing and on other electroweak parameters.

STD. NG

ASYMMETRY (%) MODEL (GeV) DOCUMENT ID TECN

e o o We do not use the following data for averages, fits, limits, etc. e o @

— 0.764+0.1240.15 91.2 213 ABREU 921 DLPH
4.0 +0.4 +0.63 4.0 901.3 214 ACTON 921 OPAL
9.1 +1.4 +1.6 9.0 57.9 ADACHI 91 TOPZ

— 0.8440.1540.04 91 DECAMP 918 ALEP
83 429 +1.9 8.7 56.6 STUART 90 AMY
114 422 421 8.7 57.6 ABE 89L VNS
6.0 +1.3 5.0 34.8 GREENSHAW 89 JADE
8.2 429 8.5 43.6 GREENSHAW 89 JADE

213 ABREU 92! has 0.14 systematic error due to uncertainty of quark fragmentation.
214 ACTON 92L use the weight function method on 259k selected Z — hadrons events.

The systematic error includes a contribution of 0.2 due to BY-BO mixing effect, 0.4
due to Monte Carlo (MC) fragmentation uncertainties and 0.3 due to MC statistics.

ACTON 92L derive a value of sin20‘w to be 0.2321 4 0.0017 + 0.0028.
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CHARGE ASYMMETRY IN pp — Z — ete™

STD. s
ASYMMETRY (%) MODEL &;V) DOCUMENT ID TECN

e o o We do not use the following data for averages, fits, limits, etc. o o @
524+5.94+0.4 91 ABE 91E CDF

ANOMALOUS ZZ+, Z~v~v, AND ZZV COUPLINGS
Revised March 2006 by C. Caso (University of Genova) and
A. Gurtu (Tata Institute).

te~ — Z~, deviations from the Standard

In the reaction e
Model for the Z~y~* and Z~Z* couplings may be described
in terms of 8 parameters, hY (i = 1,4; V = ~,Z) [1]. The
parameters hZ describe the Z~~* couplings and the param-
eters h? the Z~vZ* couplings. In this formalism h} and hY
lead to C P-violating and hg and h}f to C'P-conserving effects.
All these anomalous contributions to the cross section increase
rapidly with center-of-mass energy. In order to ensure unitarity,
these parameters are usually described by a form-factor rep-
resentation, hY (s) = h}./(1 + s/A?)", where A is the energy
scale for the manifestation of a new phenomenon and n is a
sufficiently large power. By convention one uses n = 3 for h‘1/,3
and n = 4 for hg 4- Usually limits on hl‘-/’s are put assuming
some value of A (sometimes 00).

Above the ete™ — ZZ threshold, deviations from the
Standard Model for the ZZ~* and ZZZ* couplings may be
described by means of four anomalous couplings fZ-V (i =
4,5,V =~,Z) [2]. As above, the parameters f;' describe the
Z~y~* couplings and the parameters fiZ the ZZZ* couplings.
The anomalous couplings f5v lead to violation of C' and P
symmetries while fLY introduces C'P violation.

All these couplings hy and fiV are zero at tree level in the
Standard Model.
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Combining the LEP results properly taking into account the correlations the following
95% CL limits are derived (CERN-PH-EP/2005-051 or hep-ex/0511027):

~0.13 < hlz < 40.13, ~0.078 < hQZ < +0.071,
~0.20 < h3Z < 40.07, —0.05 < hf < 40.12,
—0.056 < hg < +0.055, —0.045 < hg < 40.025,
~0.049 < hg < —0.008, —0.002 < hZ < +0.034.
VALUE DOCUMENT ID TECN
e o o We do not use the following data for averages, fits, limits, etc. o o @
215 ABAZOV 05k DO
216 ACHARD 04H L3
217 ABBIENDI,G  00C OPAL
218 ABBOTT 98M DO
219 ABREU 98Kk DLPH

215 ABAZOV 05K use 290 pp — Z~ + X events with Z — et e~ ,ut pu~ at 1.96 TeV
to determine 95% CL limits on anomalous Z~ couplings. For both real and imagi-

nary parts of CP—conserving and CP-violating couplings these limits are ’hIZO 30’ <0.23,

|h30,40/ <0020, |h10730| <0.23, ]h20,40| <0.019 for A = 1 TeV. While determining

limits on one parameter the values of all others are set at their standard model values.
216 ACHARD 04H select 3515 et e~ — Z~ events with Z — q4q or v¥ at /s = 189-209
GeV to derive 95% CL limits on hz"/' For deriving each limit the other parameters are

fixed at zero. They report: —0.153 < hIZ < 0.141, —0.087 < hzz < 0.079, —0.220 <

hg < 0.112, —0.068 < hf < 0.148, —0.057 < hg < 0.057, —0.050 < hg < 0.023,

~0.059 < hg < 0.004, —0.004 < hZ < 0.042.

217 ABBIENDI,G 00C study et e™ — Zv events (with Z — qgq and Z — vD)
at 189 GeV to obtain the central values (and 95% CL limits) of these couplings:

h%= 0.000 + 0.100 (—0.190,0.190), h5= 0.000 % 0.068 (—0.128,0.128), hZ=
~0.07410-102 (~0.260,0.119), h= 0.046 + 0.068 (—0.084,0.175), h)= 0.000 +

~0.103
v_ v_ 40.039
0.061 (-0.115,0.115), h)J= 0.000 + 0.041 (-0.077,0.077), hJ= —0.080 3532
(~0.164, — 0.006), )= 0.064 10033 (+0.007, + 0.134). The results are derived

assuming that only one coupling at a time is different from zero.
218 ABBOTT 98M study pp — Z~v + X, with Z — eTe™, ptpu—, 7v at 1.8 TeV, to

obtain 95% CL limits at A= 750 GeV: |h3ZO| < 0.36, ]hfol < 0.05 (keeping hZ:O), and
’hg()’ < 0.37, ‘hzo‘ < 0.05 (keeping hiZ:O). Limits on the CP-violating couplings are
|h%y| < 0.36, [h%,| < 0.05 (keeping h=0), and |h] | < 0.37, |h])| < 0.05 (keeping
h? =0).
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219 ABREU 98K determine a 95% CL upper limit on a(e"’ e~ — v+ invisible particles) <
2.5 pb using 161 and 172 GeV data. This is used to set 95% CL limits on ’hgo < 0.8 and
’h3ZO’ < 1.3, derived at a scale A=1 TeV and with n=3 in the form factor representation.

Y
Combining the LEP results properly taking into account the correlations the following
95% CL limits are derived (CERN-PH-EP/2005-051 or hep-ex/0511027):
~0.30 < £ < +0.30, ~0.34 < f£ < +0.38,
—0.17 < £} < 40.19, —0.32 < f) < 40.36.
VALUE DOCUMENT ID TECN

o o o We do not use the following data for averages, fits, limits, etc. ® o o

220 ABBIENDI  04C OPAL
221 ACHARD 03D L3
220 ABBIENDI 04c study ZZ production in eT e collisions in the C.M. energy range

190-209 GeV. They select 340 events with an expected background of 180 events. In-
cluding the ABBIENDI 00N data at 183 and 189 GeV (118 events with an expected

background of 65 events) they report the following 95% CL limits: —0.45 <ff < 0.58,

—0.94 <f§ < 0.25, —0.32 <fZ < 0.33, and —0.71 <f’5Y < 0.59.

221 ACHARD 03D study Z-boson pair production in eT e collisions in the C.M. energy
range 200-209 GeV. They select 549 events with an expected background of 432 events.
Including the ACCIARRI 99G and ACCIARRI 990 data (183 and 189 GeV respectively, 286
events with an expected background of 241 events) and the 192-202 GeV ACCIARRI 011
results (656 events, expected background of 512 events), they report the following 95%

CL limits: —0.48 < ff < 0.46, —0.36 < fSZ <1.03, —0.28 < fz <0.28, and —0.40 <
fg < 0.47.

ANOMALOUS W/Z QUARTIC COUPLINGS
Revised March 2006 by C. Caso (University of Genova) and
A. Gurtu (Tata Institute).

The Standard Model predictions for WWWW, WW ZZ,
WWZ~, WWn~~, and ZZ~vy couplings are small at LEP,
but expected to become important at a TeV Linear Collider.
Outside the Standard Model framework such possible couplings,
ao, Qc, Gn, are expressed in terms of the following dimension-6
operators [1,2];

—

LY = —&5 ag F™ F,We - W,
L§ = —1& ac FP FgWh - W,
Lg = —iﬁiz ancije Wi Wi w ko pu
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L0 — £y B B W17,
L = —iCy Tpesze Wi WS W ke v
6 16A2 nCijk uo

where F, W are photon and W fields, Lg and Lg conserve C,
P separately (ZO conserves only C) and generate anomalous
WHW =y and ZZ~~ couplings, Ly violates CP (L L7 violates
both C' and P) and generates an anomalous WYW ™= Z~ cou-
pling, and A is an energy scale for new physics. For the ZZ~~
coupling the C'P-violating term represented by Lg does not con-
tribute. These couplings are assumed to be real and to vanish
at tree level in the Standard Model.

Within the same framework as above, a more recent de-
scription of the quartic couplings [3] treats the anomalous parts
of the WW~~ and ZZ~v couplings separately leading to two
sets parameterized as af /A? and a) /A%, where V =W or Z.

At LEP the processes studied in search of these quartic
couplings are ete™ — WWn, ete” — ~yyvw, and ete” —
Z~y and limits are set on the quantities al/’ /A2, a¥V /A%, a,, /A%
The characteristics of the first process depend on all the three
couplings whereas those of the latter two depend only on the
two C' P-conserving couplings. The sensitive measured variables
are the cross sections for these processes as well as the energy
and angular distributions of the photon and recoil mass to the

photon pair.
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ag/N?, ac/N?
Combining published and unpublished preliminary LEP results the following 95% CL

intervals for the QGCs associated with the ZZ~~ vertex are derived (CERN-PH-
EP/2005-051 or hep-ex/0511027):

—0.008 <a¥ /A% < +0.021
—0.029 <aZ /A < +0.039

VALUE DOCUMENT ID TECN

e o o We do not use the following data for averages, fits, limits, etc. e o @

222 ABBIENDI 04L OPAL
223 HEISTER 04A ALEP
224 ACHARD 026G L3

222 ABBIENDI 04L select 20 et e~ — v U~y acoplanar events in the energy range 180-209
GeV and 176 et e~ — gq~yy events in the energy range 130-209 GeV. These samples
are used to constrain possible anomalous W7 W™ v~ and ZZ~~ quartic couplings.
Further combining with the wt W™ v sample of ABBIENDI 04B the following one—
parameter 95% CL limits are obtained: -0.007 < ag//\2 < 0.023 GeV™2, -0.029 <
aZ /N < 0.029 GeV~2,-0.020 < a}V /A2 < 0.020 GeV~2, -0.052 < alV /A% < 0.037
GeV 2.

223 the CM energy range 183 to 209 GeV HEISTER 04A select 30 ete™ — vUyry
events with two acoplanar, high energy and high transverse momentum photons. The
photon—photon acoplanarity is required to be > 5°, E~/4/s > 0.025 (the more energetic
photon having energy > 0.2 \/s), pTv/Ebeam > 0.05 and | cosf~ | < 0.94. A likelihood

fit to the photon energy and recoil missing mass yields the following one—parameter 95%
CL limits: -0.012 < af /A? < 0.019 GeV~2, -0.041 < af /A% < 0.044 GeV~2, -0.060

< af/ /A2 < 0.055 GeV~2, -0.099 < alV /A% < 0.093 GeV 2.

224 ACHARD 026 study ete™ — Z~y~y — qq7~ events using data at center-of-mass
energies from 200 to 209 GeV. The photons are required to be isolated, each with energy
>5 GeV and ]cosﬁ’ < 0.97, and the di-jet invariant mass to be compatible with that
of the Z boson (74-111 GeV). Cuts on Z velocity (8 < 0.73) and on the energy of the
most energetic photon reduce the backgrounds due to non-resonant production of the
qq~yy state and due to ISR respectively, yielding a total of 40 candidate events of which
8.6 are expected to be due to background. The energy spectra of the least energetic
photon are fitted for all ten center-of-mass energy values from 130 GeV to 209 GeV
(as obtained adding to the present analysis 130202 GeV data of ACCIARRI 01E, for
a total of 137 events with an expected background of 34.1 events) to obtain the fitted
values ao//\2: 0.001’8‘8% GeV~2 and ac//\2: 0.031‘8'85 GeV ™2, where the other
parameter is kept fixed to its Standard Model value (0). A simultaneous fit to both
parameters yields the 95% CL limits —0.02 GeV—2 <ao//\2 < 0.03 GeV~2 and —0.07

GeV—2 <aC//\2 < 0.05 GeV 2.
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ABE 98D PRL 80 660 K. Abe et al. (SLD Collab.)
ABE 98l PRL 81 942 K. Abe et al. (SLD Collab.)
ABREU 98K PL B423 194 P. Abreu et al. (DELPHI Collab.)
ABREU 98L EPJ C5 585 P. Abreu et al. (DELPHI Collab.)
ACCIARRI 98G PL B431 199 M. Acciarri et al. (L3 Collab.)
ACCIARRI 98H PL B429 387 M. Acciarri et al. (L3 Collab.)
ACCIARRI 98U PL B439 225 M. Acciarri et al. (L3 Collab.)
ACKERSTAFF 98A EPJ C5 411 K. Ackerstaff et al. (OPAL Collab.)
ACKERSTAFF 98E EPJ C1 439 K. Ackerstaff et al. (OPAL Collab.)
ACKERSTAFF 980 PL B420 157 K. Ackerstaff et al. (OPAL Collab.)
ACKERSTAFF 98Q EPJ C4 19 K. Ackerstaff et al. (OPAL Collab.)
BARATE 980 PL B434 415 R. Barate et al. (ALEPH Collab.)
BARATE 98T EPJ C4 557 R. Barate et al. (ALEPH Collab.)
BARATE 98V EPJ C5 205 R. Barate et al. (ALEPH Collab.)
ABE 97 PRL 78 17 K. Abe et al. (SLD Collab.)
ABREU 97C ZPHY C73 243 P. Abreu et al. (DELPHI Collab.)
ABREU 97E PL B398 207 P. Abreu et al. (DELPHI Collab.)
ABREU 97G PL B404 194 P. Abreu et al. (DELPHI Collab.)
ACCIARRI 97D PL B393 465 M. Acciarri et al. (L3 Collab.)
ACCIARRI 97J PL B407 351 M. Acciarri et al. (L3 Collab.)
ACCIARRI 97L PL B407 389 M. Acciarri et al. (L3 Collab.)
ACCIARRI 97R PL B413 167 M. Acciarri et al. (L3 Collab.)
ACKERSTAFF 97K ZPHY C74 1 K. Ackerstaff et al. (OPAL Collab.)
ACKERSTAFF 97M ZPHY C74 413 K. Ackerstaff et al. (OPAL Collab.)
ACKERSTAFF 97S PL B412 210 K. Ackerstaff et al. (OPAL Collab.)
ACKERSTAFF 97T ZPHY C76 387 K. Ackerstaff et al. (OPAL Collab.)
ACKERSTAFF 97W ZPHY C76 425 K. Ackerstaff et al. (OPAL Collab.)
ALEXANDER 97C ZPHY C73 379 G. Alexander et al. (OPAL Collab.)
ALEXANDER 97D ZPHY C73 569 G. Alexander et al. (OPAL Collab.)
ALEXANDER 97E ZPHY (73 587 G. Alexander et al. (OPAL Collab.)
BARATE 97D PL B405 191 R. Barate et al. (ALEPH Collab.)
BARATE 97E PL B401 150 R. Barate et al. (ALEPH Collab.)
BARATE 97F PL B401 163 R. Barate et al. (ALEPH Collab.)
BARATE 97H PL B402 213 R. Barate et al. (ALEPH Collab.)
BARATE 97) ZPHY C74 451 R. Barate et al. (ALEPH Collab.)
ABE 96E PR D53 1023 K. Abe et al. (SLD Collab.)
ABREU 96 ZPHY C70 531 P. Abreu et al. (DELPHI Collab.)
ABREU 96R ZPHY C72 31 P. Abreu et al. (DELPHI Collab.)
ABREU 96S PL B389 405 P. Abreu et al. (DELPHI Collab.)
ABREU 96U ZPHY C73 61 P. Abreu et al. (DELPHI Collab.)
ACCIARRI 96 PL B371 126 M. Acciarri et al. (L3 Collab.)
ADAM 96 ZPHY C69 561 W. Adam et al. (DELPHI Collab.)
ADAM 96B ZPHY C70 371 W. Adam et al. (DELPHI Collab.)
ALEXANDER 96B ZPHY C70 197 G. Alexander et al. (OPAL Collab.)
ALEXANDER 96F PL B370 185 G. Alexander et al. (OPAL Collab.)
ALEXANDER 96N PL B384 343 G. Alexander et al. (OPAL Collab.)
ALEXANDER 96R ZPHY C72 1 G. Alexander et al. (OPAL Collab.)
BUSKULIC 96D ZPHY C69 393 D. Buskulic et al. (ALEPH Collab.)
BUSKULIC 96H ZPHY C69 379 D. Buskulic et al. (ALEPH Collab.)
BUSKULIC 96Y PL B388 648 D. Buskulic et al. (ALEPH Collab.)
ABE 95) PRL 74 2880 K. Abe et al. (SLD Collab.)
ABREU 95  ZPHY C65 709 (erratum)P. Abreu et al. (DELPHI Collab.)
ABREU 95D ZPHY C66 323 P. Abreu et al. (DELPHI Collab.)
ABREU 95G ZPHY C67 1 P. Abreu et al. (DELPHI Collab.)
ABREU 95L  ZPHY C65 587 P. Abreu et al. (DELPHI Collab.)
ABREU 95M ZPHY C65 603 P. Abreu et al. (DELPHI Collab.)
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